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ETASTATIC tumors to the lungs from various parts of the body 
are striking in the relative infrequency with which they produce 
symptoms.* When they do, they are more apt to produce complications 
similar to those of primary bronchiogenic tumors, such as pleural ef- 
fusion, empyema, lung abscess and gangrene.’ Rarely do they invade a 
bronchus and simulate bronchiogenic carcinoma by producing hemopty- 
sis and cough. A tumor which metastasizes to the lung and does pro- 
duce hemoptysis fairly often is chorionepithelioma.? Turner and Jaffe 
in reviewing 1,303 cases of metastatic neoplasms of all parts of the body 
found that 26.6 per cent metastasized to the lungs. No mention is made 
in this rather complete study of any actually invading the bronchi,* 
although sporadic reports of such occurrences have been published.” ® 
Ordinarily, when hemoptysis occurs in an individual of cancer age it 
is suggestive of bronchiogenic carcinoma. Graham, Singer, and Ballon 
found hemoptysis as a prominent symptom in six of a series of seventeen 
cases of bronchiogeniec carcinoma.' Brunn, in a review of 626 cases of 
bronchiogenic carcinoma from the world literature, found that, ‘‘The 
sputum was blood streaked or the patient had hemoptysis in 40 per cent 
of the cases compiled.’ In a recent review of bronchiogenie carcinoma, 
Ochsner and DeBakey found that hemoptysis was the chief complaint 
in 19 per cent of the cases and was present in 48 per cent at some time 
during the course of the disease.© On the other hand, Farrell, in a re- 
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view of seventy-eight secondary lung tumors found respiratory symp- 
toms-in only thirty-five and of the latter, only six had hemoptysis dur- 
ing their course.* 

When two eases in which hemoptysis was the presenting symptom of 
bronchial invasion by metastatic growths came to our attention they 
were considered worthy of report, particularly since they led to the 
erroneous preoperative diagnosis of bronchiogenic carcinoma. 


A. 


Fig. 1.—A, Roentgenogram of chest showing the circular shadow lying between the 
right heart border and the dome of the diaphragm on the right. B, Right lateral 
roentgenogram of the chest; the shadow is seen to extend from the hilum to the dome 
of the diaphragm anteriorly. 


CASE REPORTS 


Case 1.—A white, married woman, aged 44 years, entered the Cleveland City 
Hospital on Nov. 15, 1940. About one month previously she had been admitted to 
the Mount Sinai Hospital in Cleveland for removal of a left ovarian tumor. Upon 
admission there she began to have moderate hemoptysis and cough. A roentgeno- 
gram of the chest revealed a large round shadow in the region of the right middle 
lobe. In view of this finding, the pelvic operation was deferred and bronchoscopic 
examination was carried out. Tumor tissue was seen protruding from the middle 
lobe stem bronchus. The biopsy report was carcinoma. Further questioning re- 
vealed no history of previous upper respiratory symptoms or of menstrual disorder. 
After an initial pneumothorax on the right, she was discharged for further therapy 
at the City Hospital. 

At the time of admission the temperature, pulse, and respirations were normal. 
The patient was a well-developed, well-nourished, 44-year-old white woman in no 
evident distress. The trachea was in the midline. The left lung was clear. The 
right side was hyperresonant due to the previously instituted partial pneumothorax. 
A hard movable mass about 8 em. in diameter could be felt in the lower abdomen 
to the left of the midline. Upon pelvic examination, this mass seemed separate 
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from the uterus. There were no palpable enlarged lymph nodes. The urine was 
negative; the Hb. 85 per cent (Sahli); R.B.C. 11,000; blood Wassermann and 
Kahn were negative. 


Roentgenograms of the chest showed the partial pneumothorax on the right and 
a circular shadow, 7 cm. in diameter, lying between the right heart border and the 
dome of the diaphragm and extending from the hilum anteriorly (Fig. 14 and B). 
The roentgenologist’s interpretation was probable carcinoma of the right middle 
lobe bronchus. 


On the basis of the roentgenologic and biopsy findings it was decided to perform 
a right pneumonectomy. The pneumothorax was increased to allow physiologic ad- 
justment to one lung and on Nov. 23, 1940, a right total pneumonectomy was per- 
formed. The pathologie report after examination of the removed lung specimen was 
locally invasive, nonmetastasizing bronchial adenoma of the right lower lobe 
bronchus and compression atelectasis, fibrous and chronic inflammation of the right 
lower lobe (Figs. 1C and 1£). Subsequently, there developed an empyema with 
bronchopleural fistula on the operated side. This was drained by rib resection open 
tube thoracotomy and after a period of convalescence she was discharged, Jan. 14, 
1941, with the empyema draining. 


Fig. 1C.—Photograph of surgically removed right lung bisected to show the tumor 
teal A tumor is seen to involve the middle lobe bronchus and both the upper and 
ower lobes. 


While the patient was home, the pelvic mass began to increase in size and her 
menstrual periods became irregular. On March 1, 1941, she was readmitted to the 
hospital and under spinal novocain anesthesia a large left ovarian tumor, 15 em. 
in diameter, was removed. The pathologic report was granulosa cell tumor of the 
ovary, the seat of extensive necrosis, hemorrhage, and cyst formation (Figs. 1D and 
1F). Upon reconsidering the tumor in the removed lung it was found to be 
histologically identical with the ovarian tumor and the diagnosis was changed to 
granulosa cell tumor of the ovary with metastasis to the right lung and invasion of 
the right middle lobe stem bronchus, 
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Fig. 1D.—Photograph of the surgically removed left ovary; the bisected surface re- 
veals the irregular cyst formation. 


Fig. 1.—#, Photomicrograph of microscopic section through right lung (X60); the 
tumor is seen within the small bronchus in the center and hemorrhage is seen in the 
neighboring bronchus above. F, Photomicrograph of microscopic section through 
tumor in left ovary (330). The tumor consists of poorly defined lobules separated 
by scant strorwx; the tumor cells show moderate pleomorphism, are of moderate size, 
and are pooi » demarcated from each other. Their scant cytoplasm is granular and 
acidophilic, the nuclei are pleomorphic, oval or round, moderately hyperchromatic, and 
large, and the chromatin is granular throughout the major portion of the tumor. The 
cells are arranged in solid masses and around circular masses containing acidophilic 
hyaline material: this latter arrangement is such as that seen in Call-Exner bodies 
typical of granulosa cell tumors of the ovary and no ovarian tissue is identified. Ex- 
amination of the tumor in the lung under the high power revealed it to be identical 
with that in the ovary. 
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After an uneventful convalescence, the patient was discharged on March 22, 
1941, to be followed in the outpatient department. She was given deep x-ray 
therapy to the pelvic region and when last seen in May, 1941, she was gaining 
weight and had no symptoms except those due to the x-ray therapy and to the 
presence of the thoracotomy tube. 


CASE 2.—A white woman, aged 60 years, was admitted to the service of S.O.F. 
at the Lakeside Hospital in Cleveland, on Dec. 26, 1940. Dee. 8, 1940, three weeks 
prior to admission, the patient coughed up two teaspoonfuls of bright red bloody 
mucus. She had had no weight loss, pain, cough, dyspnea, nightsweats, or fatigue. 
The hemoptysis recurred in small amounts. Roentgenograms of the chest, taken at 
the Cleveland Clinic, revealed what appeared to be a tumor in the right lung. 
Bronchograms which were made showed partial right lower stem bronchus obstruc- 
tion. Upon bronchoscopic examination a tumor was seen presenting into the right 
lower stem bronchus. Carcinoma was reported after biopsy. Further system studies 
at the Cleveland Clinic were negative. About forty years previously the patient had 
some sort of vascular tumor excised near the thyroid gland and twenty-five years 
previously she had had an appendectomy performed. 


A. B. 


Fig. 2.—A, Roentgenogram of the chest showing the density in the right hilar 
region extending into the mediastinum. B, Right lateral roentgenogram of the chest 
after barium given by mouth showing the longitudinal pressure defect in the mid- 
portion of the right wall of the esophagus at about the level of the hilus. 


Upon admission her temperature, pulse, and respirations were normal. The blood 
pressure was 162/96. The patient was a well-developed, 60-year-old white woman 
in no evident distress. The thyroid gland was not palpable or enlarged. There was 
a vertical midline scar extending from the level of the cricoid cartilage to the 
suprasternal notch, well healed and somewhat depressed. The lungs were clear to 
percussion except for a very slight impairment of breath sounds at the right base 
and in the midaxillary line toward the angle of the scapula, with occasional musical 
squeaks and scattered moist rales in the same area. The heart was clear. In the 
abdomen was a well-healed McBurney’s scar. 

The urine. showed a slight trace of albumin and one to two W.B.C. per high- 
power field. The Hb. was 94 per cent (Sahli), R.B.C. 5,080,000, and W.B.C. 4,850. 
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Fig. 2C.—Photograph of the surgically removed right lung bisected to show the 
tumor involvement. The lung measured 19 by 10 by 8.5 cm. Small spherical nodules 
are seen in the upper lobe, larger ones in the middle lobe, and still larger ones in the 
lower lobe; tumor tissue had plugged bronchi in all lobes, but particularly the right 


lower stem bronchus. Partial atelectasis of the right lung is seen. 


Fig. 2D.—Photograph of the right lobe of the thyroid gland removed at autopsy, 
bisected for study; the small nodule in the lower pole of the right lobe of the gland 
was the primary tumor. 
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Roentgenograms of the chest revealed a tumor in the region of the right hilus 
extending into the mediastinum and causing a pressure defect in the esophagus 
(Fig. 2, 4 and B). Further shadows extended into the right lower lobe. 


Beginning with the first hospital day, pneumothorax was instituted on the right 
and gradually increased until a 90 per cent collapse was obtained without dyspnea. 
On Jan. 8, 1941, a right total pneumonectomy was performed. There were numerous 
large lymph nodes in the posterior portion of the hilus extending into the medias- 
tinum. These glands were also removed. The patient left the operating table in 
good condition, but subsequently she went into gradually increasing shock and 
anoxia in spite of transfusion, oxygen administration, and intravenous fluids. 
Twenty-four hours after operation she expired. 


Fig. 2.—E, Photomicrograph of microscopic section through right lung (x60). The 
tumor is seen invading the bronchus and involving a large portion of its wall; sur- 
rounding the bronchus are areas of fibrosis and emphysema. The tumor has a papil- 
lary architecture. The papillae have dense connective tissue cores and in areas have 
pale pink structureless material containing colloid. 

F, Photomicrograph of section through tumor in lower pole of the right lobe of the 
thyroid gland (X250). There is a definite glandular arrangement of the tumor cells 
and many of the acini contain pink-staining colloid; the tumor cells vary somewhat 
in size and for the most part are polygonal in shape or cuboidal with pale pink 
cytoplasm. Frequently, a nucleus is hyperchromatic and an occasional abnormal 
mitotic figure is seen. The glands show a definite papillary architecture which is 
characteristic of papilliferous adenocarcinoma of the thyroid gland. 


The lung and lymph nodes which were removed contained large hard nodules 
which upon section contained papillary tumor masses and colloid. Tumor tissue was 
found plugging the bronchus of the right middle lobe and the bronchus of the right 
lower lobe. The pathologic report was metastatic tumor to the right lung, invading 
the middle and right lower lobe bronchi, probably primary in the thyroid gland 
(Figs. 2C and 

An autopsy was obtained. In the lower pole of the right lobe of the thyroid 
gland was found a small tumor, 1 cm. in diameter. On histologic study this proved 
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to be a papilliferous adenocarcinoma of the thyroid gland (Figs. 2D and 2F). The 
tumor in the lung was identical with it. The remainder of the autopsy revealed no 
other metastases. 

COMMENT 


The clinical significance of this report is to emphasize the fact that 
patients in previously good health may have hemoptysis caused by 
metastatic pulmonary tumors. 

Furthermore, these tumors may invade the bronchi so that broncho- 
scopic biopsy seems to confirm the erroneous diagnosis of primary 
bronchiogenie carcinoma. 


CONCLUSION 


Two cases of metastatic tumor invasion of bronchi with the presenting 
symptom of hemoptysis simulating primary bronchiogenic carcinoma 
have been presented. 
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THORACIC GASTRIC CYSTS 
Report oF Two Cases WitH A REVIEW OF 1HE LITERATURE 


Henry Scuwarz, I, M.D., anp Cuarues 8. WILLIAMs, M.D. 
Sr. Louts, Mo. 


T IS probable that the majority of thoracic tumors have their origin 

in a maldevelopment of the chest. Many of the tumors in the medias- 
tinum contain gross and microscopic elements of an ectodermal char- 
acter. Because of the predominance of the skin and its appendages in 
the walls of these tumors they are termed dermoids, and are usually 
situated in the anterior mediastinum. When they contain elements from 
all the primitive germ layers with an occasional abortive attempt at 
organ formation they are classified as teratomas. As to their benignancy 
or malignancy, we are not, at the present moment, concerned. Their 
location, that is, in the anterior mediastinum and their histologic char- 
acteristics represent for the purpose of discussion the more salient 
points. 

We have referred to dermoids and to their location in order to erys- 
tallize in a few words the location of tumors of this type. It is, how- 
ever, our purpose to elaborate upon two cases of mediastinal tumors 
which were located posteriorly and whose structures do not correspond 
to the usual definitions of dermoids and teratomas. Both contained 
elements of gastric mucosa. One was demonstrated to have been fune- 
tional, the other nonfunctional, with regard to demonstrable physiologic 
activity. Several cases similar to these have been reported in the litera- 
ture. In some a degree of functional activity was demonstrated in one 
way or another, whereas in others their similarity to normal stomach is 
found only in their microscopic appearance. 

We wish to report these two cases because of their peculiar symp- 
tomatology and their method of formation. After having reviewed the 
literature and with our cases in mind we feel that certain characteristics 
exist in the symptomatology which permit the diagnosis of a functional- 
ly active thoracic gastric cyst as contrasted to an inactive tumor of 
similar type. In this latter group are included those cysts lined with 
esophageal and respiratory epithelium which are found in the posterior 
mediastinum. In the face of a lack of direct experimental evidence as 
to the origin of these tumors, we shall endeavor to propound some 
mechanism in keeping with more recent findings in experimental em- 
hryology. 

CAsE 1.—C. B., a 4-month-old white male, was admitted to St. Louis Children’s 


Hospital on April 1, 1937, with the tentative diagnosis of congenital cystic disease 
of the lung. He was born two months prematurely but was apparently normal. At 
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1 week of age signs of collapse with cyanosis, respiratory difficulty, and apnea de- 
veloped. An x-ray diagnosis of cystic disease of the lung was made. Aspiration of 
the right chest yielded straw colored fluid; this procedure had to be performed 
twice daily. To facilitate drainage, a soft rubber catheter had been inserted into 
the right chest wall about three months before admission. 


Upon entry into the hospital the physical examination was negative except for the 
thorax. The heart was displaced to the left. A rubber catheter in the posterior 
region of the right chest made it impossible to examine adequately this side. The 
percussion note over the left chest was resonant and the breath sounds were vesi- 
cular. 


Fig. 1 (Case 1).—X-ray taken with catheter in the chest wall and with lipiodol in 
the bronchial tree ; some barium is still in the stomach from a previous gastric study. 


Urine examination showed a slight trace of sugar, a few leucocytes and a 
few red blood cells. There was a slight leucocytosis with a minor shift to the left. 
The Wassermann was negative, but the Kline was 2 plus. 

Daily drainage of the chest cavity was carried out and approximately 50 ¢.c. of 
a white, turbid fluid were obtained each time. This was acid to litmus paper and 
positive for chlorides using silver nitrate paper. Some excoriation of the skin had 
developed around the site of the catheter. 

Several samples of this fluid were examined both microscopically and chemically. 
They contained cellular debris, a few red blood cells, and some yeast cells. No 
bacteria were present. The pH varied from 1.84 to 2.44. On one occasion there 
was a trace of free HCl present, and the chloride content expressed as NaCl was 143 
millimols per liter. For neutralization, 10 ¢.c. of this fluid required 6.2 ec. of N/10 
NaOH. This fluid clotted milk, and when brought to a pH of 1.45, it digested egg 
albumin. It was therefore assumed that the fluid was gastric juice. 
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When barium was ingested, no communication could be demonstrated between the 
true stomach and the cyst in the right chest. When bronchoscopic examination was 
performed and lipiodol injected into the tracheobronchial tree, the trachea and the 
right and left main bronchi were clearly visualized and were within normal limits. 
An x-ray diagnosis of mediastinal cyst was made. 

The preoperative diagnosis was made of an aberrant stomach or possibly a 
teratoma with normal functioning gastric mucosa, probably originating in the 
posterior mediastinum and involving the right thoracic cavity. 

On April 14, 1937, a thoracotomy was performed by Dr. Evarts Graham. The 
lung was adherent to the tumor by adhesions which, however, were easily broken. 
The tumor was about the size of a lemon and it was very firmly attached posteriorly. 
Part of the attachment was due to the drainage which had been previously instituted, 
but it was also due to fixation of the tumor to the mediastinal structures posteriorly. 
In spite of technical difficulties encountered the tumor as finally removed, but it 
was felt that a small portion of it was probably still present in the chest, attached 
to the posterior mediastinal structures. At the end of the operation the pleural 
cavity was dry. A catheter was placed through the old opening in the back for 
drainage, and the wound was closed in layers. 

After the operation the child’s respirations became weaker, and he died early in 
the afternoon of the day of the operation. 

At autopsy a mass 9 by 3 by 2 cm. was found bound to the hilum of the right 
lung, to the azygos vein, and to the esophagus by fibrous adhesions but there were 
no other connections with these or with other organs. Microscopic examination of 
this mass was essentially the same as that of the surgical specimen. 

Gross examination of the surgical specimen showed a tubular shaped mass of tis- 
sue about 10 em. in length which was bent slightly upon itself. One end was dilated 
while the other was constricted as if an attempt had been made to form a pylorus. 
Numerous parallel bundles of muscle fibers could be seen on the external surface 
and many small lymph nodes were present along one border. The mucosal lining 
appeared smooth but in some areas it was thrown into a few coarse folds. The 
whole appearance was that of a normal stomach. 

Microscopic examination of one section revealed two areas of stomach mucosa 
with a wide area of ulceration between, in which only granulation tissue formed 
the surface. There was a typical muscular coat underlying these surfaces composed 
of both longitudinal and circular fibers. Immediately beneath the ulcerated area 
there was a moderate amount of edema with some fibrosis and round cell infiltra- 
tion. This was not present, however, beneath the normal mucosa; apparently the 
ulceration was of relatively short duration. The picture was that of a stomach in 
which an ulceration of the mucosa had taken place. 

Another section showed a few bits of gastric mucosa, but most of the surface of 
the stomach wall was ulcerated and replaced by an exudate composed of connective 
tissue and round cells. There was a moderate amount of vascularity in this tissue 
and some round-cell infiltration in the underlying muscular coat. What gastric 
mucosa could be seen was flat, and there were a few glands present. The muscular 
coat itself was relatively thick. 

A third section showed normal gastrie mucosa, some sf which, however, showed 
evidence of atrophy. There was considerable fibrosis and round-cell infiltration in 
the submucosal tissues. Another part of the section showed a few lymph nodes in 
which there was evidence of chronic inflammation, 

The entire picture was that of an accessory stomach in which there was a peptic 
ulcer. 


In this first case, we find definite signs of physiologic activity of the 
secretion of the mucosal lining of the cyst by its excoriation of the skin, 
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the formation of an ulcer resembling a peptic ulcer, and the laboratory 
tests upon the fluid itself. The activity began very early in the life of 
the patient and continued up to the end with very marked symptoms. 
Mixter and Clifford reported one case in which such a preoperative 
diagnosis was made with a degree of certainty. Nicholls reported a case 
in which excoriation of the skin around a draining sinus of the chest 
wall was noted before operation, but the diagnosis of an intrathoracic 
stomach was made by histologic examination of the surgical specimen. 


Fig. 2 (Case 1).—Photomicrograph showing chief, parietal, and mucous cells. 


Case 2.—E. R. H., a 23-year-old white male, was admitted to Barnes Hospital on 
Oct. 4, 1940, for investigation of a mediastinal mass which was discovered when the 
patient was being examined for enlistment in the Army. Since he was underweight, 
a routine x-ray film was taken of his chest which revealed an area of opacity on the 
right side just above the heart. This was two weeks before the patient entered the 
hospital. 

There was a history of hacking, nonproductive cough for four years, which had 
never been severe. On occasions during the past two years the patient had had 
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several attacks of severe pain in his right chest. During this period of time he 
had three attacks of loss of consciousness, which were always preceded by dyspnea 
but were never associated with the attacks of pain. There had been no appreciable 
loss of weight or strength during this time. His activities and development have 
been normal. His general health has been good throughout his life. 

On examination there were no abnormalities of the head or neck. The trachea was 
in the midline and there was no tracheal tug. The chest was symmetrical with equal 
expansion on both sides. Breath sounds were normal throughout both tung fields. 
The percussion note was normal with some questionable impairment of resonance in 
the second right intercostal space about one inch from the right sternal border. 
There was increased vocal resonance below the outer half of the right clavicle in 
the second right intercostal space, and over the third and fourth ribs posteriorly, in 
the right paravertebral region. There were no rales. Examination of the heart 
showed no abnormality. 


Fig. 3 (Case 2).—Anteroposterior view of the chest showing a mass to the right of 
the heart in the right hilar area. 


The laboratory findings on entry were essentially normal, including the urine, 
blood counts, blood N.P.N., and fasting blood sugar. The Kahn was negative. The 
vital capacity of the lungs was 3,700 e.e. 

X-ray studies of the chest revealed a rounded area of opacity, approximately 8 
em. in diameter, located in the posterior mediastinum, just to the right of the mid- 
line. The border was calcified and the mass did not pulsate. With these facts, a 
tentative diagnosis of dermoid cyst of the posterior mediastinum was made, although 
the diagnosis seemed questionable because of the location of the tumor. 
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On Oct. 7, 1940, Dr. Evarts Graham removed this tumor. Under endotracheal 
cyclopropane anesthesia, and with the patient in the right chest position, the scapula 
was retracted and the latissimus dorsi muscle was reflected back over the posterior 
segments of the fourth, fifth, and sixth ribs which were then divided in their 
posterior portions, The pleura was opened in the fifth interspace, and the rib 
spreader applied. The exposure was excellent. The lung was then reflected ante- 
riorly, and a tumor mass the size of an orange was found, lying in the posterior 
mediastinum. It felt cystic, had the appearance of a dermoid cyst, and a definite 
caleification in its wall could be seen. The mass was everywhere relatively free but 
was attached by a broad base to the esophagus. It was dissected from the 
mediastinal pleura and surrounding structures with comparative ease and was re- 
moved in toto. The chest was closed without drainage. The patient stood the 
procedure without event and was returned to the ward in good condition. Conva- 
lesecence was uneventful except for the usual collection of fluid in the pleural cavity 
which necessitated three aspirations. He was discharged on the seventeenth post- 
operative day with the wound healed. 


Fig. 4 (Case 2).—Left lateral view of the chest showing the mass lying posteriorly 
along the vertebrae. 


Gross examination of the tumor revealed a mass about the size of a tennis ball, 
measuring 8 em. in diameter. The outside was covered by a thin fibrous tissue 
membrane which was everywhere intact. There were occasional shreds extending 
from the specimen, as if these had been attached to the surrounding tissue. The 
mass was injected with formalin and then opened. The wall was about 4 mm. thick; 
there was a small white nodule at one place, which was rather firm but not hard. 
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The remainder of the interior of the specimen was filled with a loose, grumous, pale 
green material, rather muddy in consistency. No hair or teeth were seen on the 
eut section. 

Microscopic examination of sections stained with hematoxylin-eosin showed an 
incomplete mucosal lining which was composed of tall, thin, columnar epithelium in 
which numerous goblet cells were present. In the crypts and glands beneath the 
surface, two distinct types of cells could be seen. One was a large cell in which the 
nucleus was at the proximal pole while the cytoplasm contained numerous dark 


Fig. 5 (Case 2).—Photomicrograph showing chief, parietal, mucous, and Paneth cells; 
typical Brunner’s glands can also be seen. 


granules. This probably represented a Paneth cell. The other cell type was a 
triangular shaped cell with the base at the outer surface of the glands. It contained 


a large round nucleus and the cytoplasm stained acidophilic with numerous clear 
spaces in a network arrangement. This represented the parietal cell type. 


Numerous glands were present which were composed entirely of large cuboidal 
and triangular cells in which the cytoplasm was composed of a pale, irregular proto- 
plasmic network with large empty spaces. The flattened, dark nucleus was located 
at the base, These were similar in appearance to the glands of Brunner which are 
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found in the duodenum but are more numerous in the submucosa than in the 
mucosa as they were in this specimen. 

The submucosa was composed of loose, connective tissue in which there was some 
small round-cell infiltration. Several small blood vessels could be found in this 
region. 

In some areas three distinct muscle layers could be seen, The inner and outer 
layers ran in the same direction while the middle layer ran in an opposite direction. 
Several nerves and blood vessels could be seen between these layers of muscle. 


In some portions of the muscle wall there was a pale blue-staining homogeneous 
material with an irregular border and within which were several needlelike clefts 
which probably represented cholesterol defects, No bone cells or osteoblasts were 
present. The tissue around these areas of calcium deposition had a faint pink- 
staining, homogeneous character in which no muscle or connective tissue cells were 
seen. In some areas large macrophages were present which contained brown pig- 
ment granules in their cytoplasm similar to those seen in a lung of long-standing 
passive congestion. These areas probably represented dystrophic calcification in an 
area of extravasated blood. 


The primary points of interest with regard to this case are these: (1) 
The patient was 23 years old; (2) he gave no marked evidence of the 
presence of the abnormality other than very mild pressure symptoms, 
e.g., cough, dyspnea, pain in the chest, occasional fainting spells; (3) 
the x-ray findings of calcification about the tumor; (4) no evidence of 
adhesions to structures other than the esophagus. These imply a tumor 
which, though it had the appearance of stomach, still did not show any 
normal physiologic activity. The loss of epithelium from some portions 
of the cyst are explained on the basis of a pressure effect or as a result 
of hemorrhage into the underlying tissues with the subsequent re- 
duction of the blood supply to these areas. 

In Table I are five cases which represent the type of cyst which has 
been differentiated even to the point of normal functional activity. 
Even ignoring, for the purpose of argument, their histologic and cyto- 
logic characteristics, such findings as, for example, ulceration with 
hemorrhage, digestion of skin about draining sinuses, and chemical 
studies of the cyst fluid, present definite evidence of the normal func- 
tional activity of their lining cells. 

In Table II are seven cases of that type in which cellular elements 
resembling those seen in the normal stomach are found. These, however, 
have not been demonstrated as having any normal functional activity 
nor have they given any evidence of such function in their symptoma- 
tology. In this type, cellular elements other than those seen in the 
normal stomach have been described, such as intestinal and respiratory 
epithelium. 

Several cases have been reported in the literature of thoracic cysts 
which contained intestinal or respiratory epithelium or a combination of 
both. The symptomatology and anatomic location of these tumors cor- 
respond fairly closely with those in Table IT. 
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TABLE I 


THORACIC GASTRIC CYSTS 


CASES IN WHICH FUNCTIONAL Activity HAs BEEN DEMONSTRATED 


CASE 


AGE 


SEX 


LOCATION 


SYMPTOMS 


TREATMENT 


AUTOPSY 
FINDINGS 


TYPE OF 
TUMOR 


Seydl, 1938 


3% 


mo. 


g 


Posterior 
mediasti- 
num 


Cough, he- 
moptysis 


None 


Perforated 
peptic ulcer 
of cyst and 
fistula 
formation 
with bron- 
chus 


Stomach 


Boss, 1937 


Nicholls, 
1940 


Posterior 
mediasti- 
num and 
right chest 


Cough, he- 
moptysis, 
tarry stool 


Surgical 
drainage 


Fistula from 
cyst to 
lung 


Stomach 


Posterior 
mediasti- 
num and 
right chest 


Excoriation 
of skin of 
chest from 
sinus 


Thoraco- 
plasty, ex- 
cision, cau- 
tery 


Patient liv- 
ing 


Stomach 


Mixter and 
Clifford, 
1929 


Posterior 
mediasti- 
num and 
right chest 


Cough, dys- 
pnea, pneu- 
monia, cyst 
fluid was 
acid 


Excision 
and drain- 
age 


Patient liv- 
ing; drain- 
ing sinuses 
of chest 
present 
after 8 
months 


Stomach 


Authors’ 
Case, C. B. 


Posterior 
mediasti- 
num and 
right chest 


Cyanosis, 
dyspnea, 
apnea 


Excision 


Portion of 
eyst in 
right chest 
and medi- 
astinum 


Stomach 


From these tables one sees that this type of tumor manifests itself 
early in life and is often fatal. All of these originated in the posterior 
mediastinum, and when extension occurred, all but one encroached upon 
the right thoracic cavity. This extension might be explained on the 
basis that the factors which cause the normal stomach to rotate to the 
right may also affect this aberrant portion of stomach tissue. Diagnosis 
of this abnormality is not always easy and often requires a very thorough 
study. X-ray examination is very helpful, although it sometimes may 
not reveal the true disorder. 


The treatment, on the whole, has not been too successful, three cases 
having survived. This high mortality is due to several factors. Most of 
these patients were only a few months old. The age of the patient, there- 


fore, renders the operation more hazardous. The location of the tumor 
and the method of administering the anesthetic add to the technical diffi- 
culties. Too often the condition of the patient precludes any procedure 
other than palliative measures. The use of endotracheal anesthesia may 
tend to lower this mortality. 

Since the lining of the cyst is usually very actively secretory, all treat- 
ment must have as its goal the complete extirpation or destruction of 
this lining. If any portion remains, a sinus or cyst will develop. Sur- 
gical excision should be the method of choice, but if technical difficulties 
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CASES PRESENTING EVIDENCE OF ANATOMIC SIMILARITY TO NCRMAL STOMACH TISSUE 
But Wirnout FUNCTIONAL ACTIVITY 


TABLE IT 
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AUTOPSY 


TYPE OF. 


Case, E.R. 
H. 


num 


CASE AGE| SEX] LOCATION | SYMPTOMS | TREATMENT] opines | rumor 
Mixter and |16 |Posterior Distress Aspiration |Tumor |Stomach 
Clifford, mo. mediasti- after nurs- right chest 
1929 num and ing, cough, and medi- 
right chest] clubbing of astinum 
fingers 
Entz and {12 |Posterior Cough, dysp-/Surgical Cyst in Stomach, 
Orosz, 1930} mo mediasti- nea drainage right chest/intestine 
num and and medi- 
right chest astinum 
Fischer, 6 Q |Posterior Cough, dysp-|None Cyst in Stomach, 
1929 mo. mediasti- nea right chest|intestine 
num and and medi- 
right chest astinum 
Smith, 1930/14 | @ |Posterior |Cough, dysp-|Aspiration |Cyst in Stomach, 
mo. mediasti- nea, cya- right chest] respira- 
num and nosis and medi- | tory 
right chest astinum 
Black and [51% | @ |Posterior |None from |None Cyst in left/Stomach, 
Benjamin. | mo. mediasti- chest tu- chest and _|intestine 
1936 num and mor, tarry mediasti- 
left chest | stools num, di- 
verticulum 
of stomach 
Staehelin- |Posterior |None from |None Cyst in pos-|Stomach, 
Burek- mo. mediasti- | chest tu- terior me- | intes- 
hardt, 1909 num mor diastinum, | tine, 
spina bi- respira- 
fida, bifid | tory 
uvula, di- 
verticulum 
of bladder 
Authors’ 23 |Posterior Very slight {Excision Patient liv- |Stomach, 
yr. mediasti- ing intestine 


destroy the remaining mucosa. 


Since this is evidently a developmental abnormality, one wonders if 
In the three successful cases we cannot be 
absolutely certain that some other abnormality does not exist in the 
abdominal cavity or elsewhere in the body, but none were noted. 
only two of the other nine cases were developmental anomalies found. 
In these two cases death resulted, directly in one and indirectly in the 
other, from the associated abnormalities rather than from the tumor in 


others might not be present. 


the mediastinum. 


Several different types of tumors have been described which are 
found, or have their origin, in the posterior mediastinum. Hedblom, in 
an article on dermoids and teratomas, mentions three cases in which the 
These are disposed of in the follow- 
ing manner: Smith reported his case as being a ‘lermoid which occurred 


tumors were said to be posterior. 


will not permit the complete removal, some method should be used to 


In 
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in the posterior mediastinum, but due to the absence of epidermal ele- 
ments it should not be classed as such; it appears to belong in that 
group of tumors in Table II and has been included in it. 

The case of Krause, which was reported by Jores, was that of a der- 
moid which occupied the whole left pleural cavity as well as the 
mediastinum. Portions of it had evidently undergone malignant degen- 
eration, and the true relationship to the mediastinal structures, as far 
as its origin is concerned, is not clear, although it did evidently occupy 
the posterior mediastinum at autopsy. 

The third case which was referred to by Hedblom was that of von 
Torok. This was a teratoma containing teeth, hair, and enterogenous 
elements which occupied the posterior mediastinum. 

Kerr and Warfield, in reviewing 138 cases of thoracic dermoids, men- 
tioned that Foa reported a case which occurred in the posterior medias- 
tinum. This cyst was located between the right pericardium and the 
visceral pleura of the right lung. 

In comparing the papers of Ladd and of Ladd and Gross, we find 
mention of three different cases of gastric cysts occurring in the thorax. 
Insufficient material was given in two cases to allow us to include them 
in our tables, but their presence in the literature should be noted. The 
third case was previously reported by Mixter and Clifford. This case has 
been included in our tables. 

In the lack of direct experimental evidence as to the mechanism by 
which these tumors are formed, one is forced to turn to observations 
which have been made previously and which may be assumed to be 
somewhat analogous to the situation existing in the case of thoracic 
gastric cysts. From these one may then infer some mechanism as to 
their origin. 

At this point a word concerning the normal development of the 
stomach from an anatomic point of view seems appropriate. We have 
drawn upon Sir Keith’s researches for this purpose. 

The stomach is developed from the foregut, lying between the esopha- 
gus and the duodenum with its liver bud. Its mesenteries are at this 
point not differentiated from the septum transversum; in this state the 
primordium of the stomach lies roughly in the region of the seventh 
cervical and first dorsal vertebrae. At four weeks the fundus begins 
to develop, and, with continued development, the mesenteries are dif- 
ferentiated. The proximal or esophageal end becomes fixed by the 
spinal fibers of the diaphragm, and the growing liver fixes the distal or 
pyloric end. The dorsal portion of the stomach and its dorsal mesen- 
tery grows more rapidly than the ventral, therefore, when viewed in 
eross section, from above, the stomach is seen to rotate in a clockwise 
direction, about the ventral portion or lesser curvature as an axis. 
There is no evidence of the formation of gastric glands until sixteen 
weeks. Therefore, complete cellular differentiation does not occur 
until about four months. 
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The study of organizer substances is, as yet, in its infancy. Many 
facts are known concerning them, but these are in the main limited to 
the more primary organizers. The word, organizer-substance, has simply 
been applied to describe the findings in a series of observations in order 
that they might be used in the manner of a ‘‘word-tool.’’ Briefly stated, 
organizers may be considered as chemical substances elaborated by cells 
in a given area in a rather orderly manner in the developing embryo. 
These substances determine the progress of development of a given cell 
(fertilized ovum), from the maintenance of animal and vegetal pole to 
determining the points at which the various organs and appendages will 
arise. These substances are not bound to the cell itself but rather to its 
immediate environment, e.g., transplantation experiments demonstrate 
this. They are active in three dimensions, with the majority of activity 
being localized toward the center of a given organizer field, this activity 
waning at the periphery. This waning of organizer intensity is described 
as a field gradient. Excellent reference works are the text of Weiss and 
the extensive review of recent literature by Needham. 


The direct answer to the question as to where and how these tumors 
originate has not as yet been given. Observations, too numerous to men- 
tion, offer but the vaguest clue with regard to their origin. Develop- 
mental defects, embryonal rests and remnants, omphalomesenteric re- 
mains, and the like have been postulated as the tumor source. Others 


have confirmed these ideas and have elaborated upon them. But these 
observations are purely mechanical, and there arises the question of the 
mechanism of the formation of embryonal inclusions. In the first in- 
stance, one is immediately struck with the marked similarity of the 
‘*enterodermoids’’ histologically to the normal structures of the gastro- 
intestinal tract. This similarity has in some instances gone to the point 
of similarity of physiologic activity. This immediately implies that when 
the cells of the embryonal rest reached the point of the ultimate in their 
differential development they were under the same influences, organizer- 
substances, as were the normal structures which they resemble. That 
these tumors could have been diverticula* has not been borne out, but 
the possibility presents itself that some transient influence may have 
stimulated this primordial gut to evaginate. Furthermore, this influence 
must have waxed and waned before differentiation had reached the 
point at which the cellular characteristics were fixed. 

What could that organizer influence have been? To suggest any pos- 
sibilities we must return to the anatomic situation at such a time when 
these events could have occurred. At approximately the fifth week of 
embryonal life, the respiratory system in the form of lung buds is 
developmentally somewhat in advance of the gastrointestinal tract. It 
is also known that organizers in general, and in this instance lung bud 


*Diverticula in the same sense as herniations of the intestinal tract, diverticulosis, 
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organizers in particular, act over a fairly wide area and along a central 
peripheral gradient; that organization and differentiation is not an all- 
or-none process, but rather a graded and progressive affair. Further- 
more, that organization occurs along a cephalocaudad gradient. 


We may then postulate the formation of these thoracic gastrie cysts 
by a mechanism such as this: the organizer substance, that causes the 
evagination of the lung buds and their further proliferation, either 
through some change in time or intensity factors along its gradient 
causes the evagination of what would form an accessory lung ,(Neben- 
lungen) in the region of the cardia of the stomach or lower esophagus. 
Because of the anatomic situation at the time that this could occur, the 
assumption seems reasonable. As the result of changes in the anatomic 
relationships that accompany continued development, this organizer in- 
fluence wanes thus allowing the stomach organizers to exert their influ- 
ence to the completion of differential development, even to include fune- 
tional activity. With the formation of the mesenchymal coats (later 
muscular) and the development of the diaphragm, this exclusion is 
pinched off into the posterior mediastinum, but still retains sufficient at- 
tachment to the lower end of the esophagus to rotate to the right with 
the rotation of the stomach. 

A mechanism such as the one described above might well be invoked 
to explain the derivation of most posterior mediastinal tumors.* De- 
pending upon the duration of action and the intensity of the organizer 
fields in a given area, the cellular characteristics of the tumor are de- 
termined. It has been shown, by and large, that these tumors contain 
either intestinal or respiratory elements or combinations thereof. The 
degree of differential development at the time at which the exclusion 
becomes independent of its origin may also determine the variety of 
epithelia found, their functional activities, and their degree of ana- 
plasticity. This anaplasticity may serve to explain the formation of 
teratomas in this locality. A dermoid, in the strictest sense of the word, 
has not to our knowledge been reported conclusively as having its origin 
in the posterior mediastinum. That these thoracic gastric cysts are 
usually found on the right is in full accord with the conception of the 
rotation of the stomach. 


SUMMARY 


In this paper we have reported two cases of posterior mediastinal 
thoracic gastric cysts. In one there is adequate evidence that the lining 
epithelium possessed normal functional activity, whereas in the other 
the similarity was limited to the cytology of the tumor. This latter 
tumor contained, in addition, aberrant intestinal elements. A review of 
the literature with regard to thoracic gastric cysts revealed only a 


*Other than those of neurogenic or fibroblastic origin, etc., which obviously are not 
derivatives of the primitive gut. 
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paucity of similar cases. By means of a few elementary points of em- 
bryology we have attempted to postulate the origin of these tumors and 
have endeavored to correlate to some degree the physical and pathologie 
findings with the physiologic activity of the tumor epithelia. 
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TUBERCULOMA OF THE MEDIASTINUM 
Report or A CAsE 


A. J. Grace,* M.D., B.A. (Sask.), M.A., B.M., B.Cu. (Oxon.), 
F.R.C.S. (Ene.), L.R.C.P. (Lonpon) 
LONDON, ONTARIO 


N RECENT times many articles have appeared on mediastinal tumors. 

Probably the most comprehensive reviews are those by Heuer and 
Andrus.*® It is well known that a great variety of eystie and solid 
tumors occur in this situation. These may arise from any one or more 
of the complex components of the mediastinum. They may be neo- 
plastic in nature and either benign or malignant, or tumor formations 
may result from certain chronic inflammatory or other processes. What- 
ever the cause and connection of the tumor, it tends to develop insidiously 
and gradually produce symptoms which include constitutional disturb- 
ances and a variety of localizing symptoms resulting from pressure on 
or invasion of various anatomical structures within or adjoining the 
mediastinum. Rarely these formations may be asymptomatic; usually a 
combination of complaints related to the thoracie viscera indicates the 
need for investigation. The most common symptoms are pain in the 
chest, cough, and dyspnea, but oceasional cases show such manifestations 
as hoarseness, dysphagia, or signs of vascular obstruction. Frequently 
the symptoms and the location may yield a clue to the probable diag- 
nosis. Adams,! Heuer,’ and others have recently outlined the facilities— 
both of personnel and equipment—required to make the examination of 
these eases truly complete. Heuer and Andrus have remarked, ‘‘One of 
the handicaps to more intelligent treatment of mediastinal tumors lies 
in our diagnostie limitations.’ The chief difficulty is related to dif- 
ferentiating the type of process present before exploration is carried out. 

Tumor formations of a tuberculous nature occur occasionally in the 
lungs. Such a ease was reported by Haight and Farris,> who mention 
one or two other instances in the literature. It is presumed that the 
three cases of resection of calcified pulmonary abscess simulating tumor 
deseribed by Graham and Singer* probably represent an unusual tissue 
response to the tubercle bacillus. Other individual cases of pulmonary 
tuberculoma are described by Norrie, Vivoli and Rey,'* and Maurer-Mast 
and Franklin.’? A woman treated at the Massachusetts General Hos- 
pital had a long history of chest trouble and was known to have tuber- 
culosis in the right lung. Eventually Churchill carried out lobectomy 
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of the right lower lobe for a localized process with excavation. Mal- 
lory,"' discussing this case, remarked, ‘‘The diagnosis is tuberculoma. 
It is a type of reaction to the tubercle bacillus that is not uncommon 
in other organs, but we do not often see it in the lung. The vast ma- 
jority of such lesions break down and form a eavity.’’ Faust* has re- 
ported a child with a small tuberculoma obstructing the bronchus of 
the lower lobe of the right lung, and Tobias’ has recorded the details 
of a primary tuberculoma of the pleura spreading through the thoracic 
wall into the neck and compressing the apex of the left lung. Janes’? 
has encountered one example of pulmonary tuberculoma. 

Although the occurrence of tuberculomas elsewhere than in the 
thorax has been reported by many writers, and the above summarizes 
all the eases I ean find within the chest, I have been unable to discover 
any definite case reports concerning the mediastinum. Most of the 
reviews dealing with mediastinal tumors do not even mention tuber- 
culoma. This suggests that the condition is one of great rarity. A few 
papers published some twenty-five years ago refer to the effects of en- 
larged tuberculous glands in the mediastinum. ‘‘It should be remem- 
bered that large mediastinal masses due to tuberculosis and syphilis are 
occasionally observed’? (Burnam?). Haines® writes, ‘‘Tuberculous 
adenitis, leading to caseation and abscess, affects this region, and the 
enlarged glands must be differentiated from other growths. This con- 
dition, like gumma, is ordinarily not difficult of recognition, as in either 
instance we are dealing with the local expression of a disease which has 
almost innumerable general symptoms, a sufficient number of which are 
usually present preceding the central chest lesion to readily distinguish 
them from other conditions found in the mediastinum.’’ Piazzi-Martini,"* 
presenting a series of cases with mediastinal tumors, describes one (Case 
5) in which a tuberculous mass was present. As far as I can discover 
the various writings referred to deal especially with masses of enlarged 
mediastinal glands in patients recognized as being tuberculous. In a 
recent communication Heuer’ excludes seven instances of tuberculous 
mediastinitis before proceeding to an analysis of his examples of medi- 
astinal tumor or tumorlike conditions. It appears to me that none of 
these cases simulated a distinct tumor. 

The patient presented below had a long and involved surgical his- 
tory leading up to the time when she came to me with a variety of com- 
plaints and a definite mediastinal swelling. 


CASE REPORT 


The patient was a woman, aged 32 years, of English parentage. She came to 
Canada at the age of 15 (1923), was in excellent health, and weighed 150 pounds. 
Soon after this an emergency appendectomy was done in a small hospital (no 
records available). She recalls an attack of sudden pain in the right lower 
abdomen associated with vomiting and fever. She was in the hospital for three 
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weeks. A month after discharge there was another attack of abdominal pain and 
vomiting, and thereafter attacks recurred at irregular intervals and her general 
condition deteriorated, her weight falling to 87 pounds. 

Shortly after being married in 1927 she was admitted to the hospital with a 
severe pain in the right lower abdomen associated with loss of appetite and 
vomiting. The hospital record mentions that she was dehydrated; the right 
lower abdomen was tender and borborygmi were increased over the abdomen gen- 
erally. Because of the findings and the past history of repeated similar attacks 
ever since the appendectomy, a diagnosis of acute intestinal obstruction was made 
and operation was carried out on the fourth day. Many adhesions were found in 
the right lower abdomen, but no recognizable obstruction was described. She 
made a good recovery and was discharged on the thirteenth day. 

It appears that she was comparatively well for four months, after which there 
was recurrence of the abdominal discomfort with vomiting. In 1930 she was re- 
admitted to the hospital because of severe pain under the right ribs. The bouts 
of nausea and vomiting had continued and were now associated with constipation. 
The day after admission to the hospital she developed scarlet fever. Apparently 
no detailed investigation was made. 

For two years after this she was free from trouble, but then pain recurred in 
the right upper abdomen with vomiting. The attacks occurred every few days 
and lasted a few hours. She was admitted to the hospital because of a severe 
bout in January, 1933. The right upper abdomen was tender. Gastrointestinal 
x-ray series revealed normal findings. Her condition improved rapidly on mineral 
oil and daily enemas, and she was discharged with the diagnosis ‘‘adhesions.’’ 

Six months later she was back in the hospital with the same complaints— 
nausea and vomiting followed by severe pain in the right abdomen present for 
three weeks. The pain seemed to be aggravated by bending when doing house- 
work. At this time she mentioned some headaches and dizziness. For three 
weeks she ran a low-grade temperature (as high as 100° F. at night). At first 
there were attacks of severe pain simulating biliary colic and requiring morphia 
for relief. At this time full investigation was carried out. Cholecystogram was 
normal. Renal investigation included cystoscopiec examination, full check-up of 
the urine from each ureter, and retrograde and excretion pyelograms; all find- 
ings were normal, and urine tests for tuberculosis negative. The van den Bergh 
test was negative. Fractional gastric analysis showed a very low acid. She was 
discharged with the final diagnosis, ‘‘exhaustion psychoneurosis,’’ but it was 
noted that in the abdominal x-ray plates a number of calcified shadows were seen 
overlying the transverse process of the fifth lumbar vertebra on the right side. 

A year later (1934) she returned to the hospital with severe pain in the right 
subcostal region. This had been persistent for seven weeks during which time 
her weight had diminished from 110 to 96 pounds. She was watched for several 
days, and then cholecystectomy was performed. Numerous adhesions were divided 
at the same time. The pathologic report did not mention anything very con- 
elusive regarding the gall bladder wall which was reported to show ‘‘chronic 
cholecystitis.’’ After this she was free from symptoms for some time, improved 
generally, and gained weight up to 112 pounds. 

She was in the hospital again for a few days in 1935 for a jaw infection fol- 
lowing extraction of teeth, and again in 1936 for sharp pain in the mid-abdomen 
with some nausea and vomiting occurring about one hour after meals. Gastro- 
intestinal serial roentgenograms were negative. At this admission a Gilliam’s 
ventrosuspension of the uterus was done; no definite reason is given, but there 
was a retroversion and she had had several miscarriages. 

In June, 1938, she was readmitted to the hospital and complained of a throb- 
bing pain in the head and some nausea. These had followed a fall in which she 
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struck the back of her neck on a window ledge. X-ray plates of the neck were 
negative (it was noted later that the lower edge of one of these plates demon- 
strated the mediastinal tumor). At this time the symptoms were explained largely 
on a psychologic basis for the home conditions were not very good (her husband 
was an invalid, and she had to act as wage-earner). There was also a furuncle 
in the left ear. Six months later she was back in the hospital with severe head- 
ache once more. 


& 


Fig. 1.—Posteroanterior roentgenogram of chest taken June 14, 1939. Dr. M. C. 
Morrison reported, “A large orange-sized, sharply defined, smooth, rounded, dense 
opacity extending out from the left hilar region superimposed with the upper half of 
the left cardiac border in all projections.” Slight haziness of the left lung base was 
noted as well as a little elevation of the left leaf of the diaphragm, and the presence 
of multiple calcified foci in both hilar areas. Fluoroscopy showed the absence of 
pulsation. A lateral roentgenogram (similar to Fig. 4) showed the opacity to lie in 
relation to the middle of the heart shadow and to be “entirely separate from the 
aortic arch and the posterior mediastinum.” 


In June, 1939, she was admitted to the hospital for pain in the left side of the 
chest; the pain spread to the shoulder and neck. There were also attacks of 
dyspnea which occurred about ten times each day and lasted about five minutes. 
These attacks were aggravated by deep breathing but seemed to be independent 
of posture. She complained of chills. It appears that some four weeks before 
this she had fallen from a step-ladder striking the left chest on the edge of the 
table; the chest had been strapped without much relief. The chest symptoms 
dated from that accident. A tuberculin reaction was done at this time and 
showed a slightly positive result. Wassermann tests were always negative. A 
complete x-ray examination of the chest was carried out (see Fig. 1); this 
demonstrated the presence of a mediastinal tumor. An electrocardiogram was 
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normal. A complete routine laboratory investigation yielded normal findings. 
The notes of the case at this time indicate that there was an occasional rise of 
temperature of a few points, that the pulse was unstable but averaged about 80, 
and that the respiratory rate figure was about 30 on admission. There was a 
dry hacking cough and some pain under the left breast. One note summarizes, 
‘*Friction over mass.’’ 


Fig. 2.—Posteroanterior roentgenogram of chest taken Dec. 20, 1939, showing “slight 
apparent shrinkage in size of the tumefaction.” 


An aspiration biopsy was taken under fluoroscopic control. Dr. F. W. Luney’s 
pathologic report concludes as follows: ‘‘An eosin-staining, structureless, fibrillar 
stroma supporting groups of small-round cells resembling lymphocytes. The 
picture, however, is not characteristic of lymphocytic infiltration, but rather sug- 
gests an organized neoplastic mass.’’ Deep roentgen radiation therapy was ap- 
plied several times, but without any demonstrable effect. 


She was allowed to go home but returned to the hospital within two months. 
The complaints were ‘‘ continuous, sharp, burning pain, at left of sternum (second 
to fifth interspace) radiating through to the back and up into the left side of the 
neck; general malaise and shortness of breath; intermittent anorexia.’’ In gen- 
eral the roentgenogram and other findings were unchanged and there was slight 
fever on admission. Pain was so severe that she cried at times and required 
considerable sedation. A number of medical consultants stressed the psychogenic 
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factors in this woman’s past and surroundings and opposed operation. She was 
allowed to go home after two and one-half months of rest in bed with a diagnosis 
of ‘‘anxiety neurosis.’’ Four months later another x-ray examination was made 
(Fig. 2). 

She came under my care in May, 1940. The complaints and clinical picture 
had changed little. Once more a complete investigation was carried out—clinical, 
laboratory and x-ray (Figs. 3 and 4). It may be noted that the tuberculin test 


Fig. 3.—Posteroanterior roentgenogram of chest taken May 30, 1940, showing condi- 
tion approximately the same as in Fig. 2. 


was positive to 0.1 mg. old tuberculin. The sedimentation rate was 14 mm, in one 
hour. It was observed that she had congenital abnormalities of the feet (webbing of 
the first and second toes of both feet, and six toes on the left foot with webbing 
between the fifth and sixth). There were also some varicose veins. It was felt 
that the mediastinal tumor was probably a dermoid cyst, and the presence of 
other congenital anomalies gave support to this view. The variation in size 
following the accident was regarded as the result of an inflammatory flare-up with 
later regression. There was no doubt that her symptoms were exaggerated. She 
was prepared for operation and given a blood transfusion. 

Operation was carried out on June 3, 1940, under intratracheal cyclopropane 
anesthesia. This consisted of an intercostal thoracocotomy in the third left space 
anteriorly through a submammary incision. The third and fourth costal cartilages 
were divided, and the incision was spread widely. I found it possible to strip the 
intact pleura from the chest wall and from the mediastinum (in a later stage 
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of the operation a small tear was inadvertently made in this pleura but this was 
of no consequence). The tumor was firm in consistency and oval in outline, 
somewhat larger than a goose egg, and occupied the left mediastinum, lying 
obliquely across the root of the left lung and extending from behind and above 
downward and forward. The anterior part was closely adherent to the fibrous 
pericardium. Many fairly dense adhesions were divided in freeing the mass and 
during the separation one portion toward the top was opened and some thick, 
clear exudate escaped. It was noted that the tumor seemed to shrink in size at this 
time. Removal was completed without mishap, my diagnosis still being dermoid cyst. 
The wound was closed in the usual manner. 


Fig. 4.—Oblique view taken at same time as Fiz. 3. 


The postoperative course was extraordinarily satisfactory. She was kept in an 
oxygen tent for the first twenty-four hours and almost immediately volunteered 
that her breathing was free even while lying on her back—something unknown 
to her for a considerable period of time. She required almost no sedatives and 
progressed very rapidly during the subsequent four weeks in the hospital. Her 
weight increased from 89 to 9314 pounds. The condition of the chest six months 
after the operation is seen in Fig. 5. 

At the present time, eighteen months after her operation, she remains well and 
is working hard every day. Her weight averages from 96 to 100 pounds. There 
are no chest symptoms; she has a slight incisional hernia in the abdominal wall 
and some dysmenorrhea. She has had occasional colds. 
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The following is a summary of the pathologie report by Dr. J. H. Fisher (see 
Fig. 6). 

Macroscopic Examination.—Specimen consists of grayish-white structure measur- 
ing 5 by 4.8 by 3 em, The relatively smooth external surface is partly covered with 
vascular, connective tissue adhesions. The consistency is dense. The gross weight is 
42.7 Gm. On section the structure possesses relatively thick, tough, outer zone or 
capsulelike structure. The contents or central part of the mass are faintly yellowish 
cheesy material, nonfluid, soft but not particularly greasy and containing no hair. 
The consistency and appearance of this material is much like cream cheese. 
Grossly it resembles the necrotic material in a caseating tuberculous process 
but hardly seems firm or rubbery enough for a gumma. 


Fig. 5.—Posteroanterior roentgenogram of chest taken six months after removal of 
the tumor. 


Microscopic Examination.—At the periphery of the mass there are isolated areas 
and thin zones of atrophic lymphoid tissue suggesting remnants of lymph gland 
structure. The central part of the mass consists of granular, amorphous acellular 
necrotic debris indicating caseation or gummy necrosis. Immediately outside the 
caseous area there are areas and zones of new-formed fibroblastic tissue infiltrated 
with chronic inflammatory cells and areas suggesting an epithelioid reaction, but 
no definite tubercles are found. The outermost portion of the mass is composed 
of a relatively thick zone of dense old hyaline fibrous tissue in which there are 
occasional small calcareous deposits. The histologic picture is that of a caseous 
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tuberculosis or a gumma. If syphilis can be ruled out, the pathologie process is 
considered to be tuberculous. 

Pathologic Diagnosis——Fibrocaseous tuberculosis (probably involving a lymph 
gland). 


Fig. 6.—Photograph of specimen = was removed at operation and has been 


vided. 


COMMENT 


This patient had a long and involved history and was admitted to the 
hospital many times. Right-sided abdominal complaints predominated 
and were not relieved by operations directed at the appendix, peritoneai 
adhesions, the gall bladder, or the pelvie viscera. Investigations were 
essentially negative although complete and repeated on several occasions. 
It seems probable that the calcified shadows noted on the right side in 
various abdominal x-ray plates provide a clue to the tuberculous nature 
of the process which smoldered for years in the mesenteri¢ glands, and 
oceasionally acute exacerbation produced urgent complaints. 

Chest symptoms appeared only subsequently to a blow on the left side. 
There ean be little doubt that this injury was followed by exacerbation 
of the inflammatory process in the tuberculoma. It may be noted that 
before roentgenologie examination was carried out the usual strapping 
and palliative measures were tried. Following demonstration of the 
presence of a definite mediastinal mass, all known methods of study were 
applied in an effort to identify its character. Exact differentiation was 
impossible. On the basis of past experience and because of the roent- 
genologic appearance, I regarded the tumor as probably a dermoid eyst. 

Irradiation therapy was given a trial, but naturally it proved inef- 
feectual. The primary application of deep roentgen therapy in the treat- 
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ment of cireumscribed mediastinal tumors is open to serious question. 
The consensus of opinion today appears to favor operative attack first of 
all for this type of problem. 

Operative interference remained the sole effective means of diagnosis 
as well as of treatment. The operative procedure proved relatively 
straightforward. I was surprised to find how casily the parietal pleura 
on the left side could be stripped back so as to expose the tumor, the 
pericardium, and even the root of the left lung before the end. Had this 
pleura not been torn inadvertently near the close, the operation would 
have been completed as an intercostal but extrapleural mediastinal pro- 
cedure. Throughout the operation I felt that we were dealing with a 
dermoid cyst. It is hard to account for the apparent shrinkage in the 
size of the mass which appeared to accompany the escape of fluid that 
looked mucinous. Perhaps this was no more than the alteration in its 
shape that followed the liberation of adhesions on various sides, allowing 
the originally elongated and ovoid mass to become more spherical. 

The pathologie diagnosis might be questioned. The findings, both 
gross and microscopic, are quite consistent with a fibrocaseous lesion 
developing within a lymph gland. However, it must be acknowledged 
that no absolute proof exists. The question of applying special methods 
for the isolation of tubercle bacilli did not arise until the specimen had 
been fixed and sectioned. No definite tubercles could be found. It may 
be accepted with assurance that this was not a gumma for repeated sero- 
logic tests had been constantly negative. 

The patient made an excellent postoperative recovery and soon re- 
turned to steady and hard work. During the year following discharge 
from the hospital the only illnesses were one severe cold and an abscess 
at the root of a tooth. 


SUMMARY 


1. It has been pointed out that mediastinal tumors are not too uncom- 
mon and should be suspected in patients with unusual and persistent 
chest symptoms. 

2. Wherever a mediastinal mass is demonstrated, a complete and 
orderly investigation is indicated. 

3. Operation may provide the only means of establishing the diag- 
nosis while it is the only effective form of therapy in eases of discrete 
tumor masses. 

4. Successful operative treatment entails special attention to pre- 
operative and postoperative management and technical details. 

5. The details are given of a patient with an unusual mediastinal 
tumor which was removed successfully and presumed to be a tuber- 
culoma. 
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6. The tuberculoma, probably longstanding, flared up and produced 
local symptoms only after a chest injury. While under observation the 
mass diminished visibly in size, but the symptoms persisted until 
extirpation of the tumor. 

7. It is pointed out that tuberculomas occur in various extrathoracie 
localities, and a number of cases of lung involvement have been re- 
viewed; so far as can be discovered in the literature this mediastinal 
lesion appears to be most unusual if not actually unique. 

8. This case illustrates the advisability of carrying out surgical 
treatment wherever possible for localized tumor masses in the medi-. 
astinum. 
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CANCER OF TRACHEA 
FIFTEEN YEARS AFTER TREATMENT FOR CANCER OF LARYNX 


Wituram L. Watson, M.D., F.A.C.S., New York, N. Y. 


HE following case history seems worthy of report because (1) it is 
the history of a patient with double cancer, (2) there are a number 
of etiologic factors to be considered, and (3) it made necessary the 
devising of a suitable operation to meet a situation which had not 
previously been encountered in our cancer hospital. 


CASE REPORT 


Mr. L. Y., a painter, was 51 years of age when he arrived at Memorial Hospital, 
Dec. 3, 1926. He complained chiefly of a slowly increasing hoarseness of eight 
months’ duration. Just before admission to the hospital he developed dysphagia. 
The past history was not remarkable, and a medical check-up revealed him to be 
a sound person for his age. 

On direct laryngoscopy an ulcerated growth was seen to involve the left vocal 
cord, anterior commissure, and adjacent subglottic region. It had the appearance 
of a moderately advanced cancer of the intrinsic larynx; this impression was con- 
firmed by the biopsy specimen which was reported by Dr. James Ewing and which 
showed squamous carcinoma, grade 2. 

The patient received preoperative radiation with the radium element pack 
(10,000 mg. hours to each side of the neck). On Dec. 11, 1926, a laryngofissure 
was carried out under local anesthesia and four gold filtered radon seeds for a 
total of 4.04 millicuries were inserted in the left vocal cord. After the usual radia- 
tion reaction, all evidence of cancer promptly disappeared, and the patient was 
soon up and about wearing a suitable tracheotomy tube. 

On Sept. 15, 1927, under local anesthesia, the large pharyngostomy stoma was 
partially closed and the patient was allowed home for three months, still wearing 
his tracheotomy tube. A second closure was attempted, but was again only par- 
tially successful. 

The patient was a substantial citizen who had been receiving private care up to 
that time, but he suffered severe financial reverses and became a ward of his town- 
ship (located some 200 miles from the clinic). From March 9, 1928, to March 13, 
1941, he was not observed, although a series of fifty-one letters back and forth 
informed us that he was ‘‘well.’’ During this interval of thirteen years, the 
patient had been constantly wearing the same tracheotomy tube and cleaning it 
daily with a wire brush. 

On examination March 13, 1941, there was no evidence of disease in the larynx. 
The trachea was crusted and poorly cared for, and along the posterior wall of 
trachea (Fig. 1), at a point where the tracheotomy tube came in contact with it, 
there was a granular, nodular patch of friable tissue measuring about 3 by 2 em. 
in length and 0.5 em. in thickness. A specimen removed for histologic study showed 
this to be cancer (Fig. 2). 


From the Thoracic Surgical Service, Memorial Hospital, New York. 
Received for publication Dec. 19, 1941. 
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The setting did not seem to be one suitable for radiation control, and the patient 
was therefore admitted to the hospital for study to determine the question of 
operability. The medical check-up showed a short, muscular, well-nourished, but 
somewhat depressed 65-year-old man who seemed slightly cyanotic. Medical con- 
sultation and electrocardiographic studies certified the patient as a good risk for 
surgery. 

At bronchoscopic examination April 18, 1941, a regular 30 em. by 4 mm. Jackson 
instrument was inserted through the laryngostomy stoma and the entire growth was 
easily and thoroughly examined. The lower margin of the cancer was 4 em. above 
the level of the carina. 


Cancer of 
Intrinsic larynx 
1926. 


Cancer of 
trachea 


Fig. 1.—A (1926), cancer of intrinsic larynx treated and cured by gold filtered 
radon seeds. B (1941), cancer of trachea fully developed at the site of chronic irrita- 
tion caused by a sharp tracheotomy tube worn continuously for fifteen years. This 
view also shows the pharyngostome present since the operation of 1926. 


At esophagoscopie examination April 18, 1941, a short 18 em. by 9 mm. Memo- 
rial Hospital esophagoscope was readily inserted. The lumen seemed normal. There 
was no evidence of obstruction, and the walls, especially the anterior wall, gave 
no suggestion of fixation, induration, or infiltration by cancer extending from the 
trachea. 

Extensive laboratory studies were within normal limits, except for a slight 
degree of polycythemia vera. This may have contributed to the apparent cyanosis 
noted on admission. 

Operative attack was carried out in two stages. At the first stage, a water- 
tight closure of the pharyngostome was done to prevent contamination of the 
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mediastinum with pharyngeal bacteria. The second stage consisted in resection 
of a portion of the sternum, excision ‘of the involved portion of trachea, and 
plastic skin flap closure. ‘ 


B 


Fig. 3.—Closure of pharyngostome, This was to prevent soiling of the superior 
mediastinum during subtotal trachectomy two weeks later. 
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OPERATIVE PROCEDURES 


Step 1. Closure of Pharyngostome (April 22, 1941) 


Procedure——An elliptical incision was made in the mucous membrane and in the 
skin about the pharyngeal stoma. The medial margins of this were mobilized and 
were approximated by multiple interrupted sutures of No. 0 chromic catgut (Fig. 
3), thus closing the opening into the pharynx. The strap muscles were then 
mobilized and approximated by interrupted sutures. Obliquely transverse incisions 
were made on the right side, thus creating a skin flap with a broad base to the 
right of the midline. This was used to complete the skin closure. 


The wound healed by primary union. 


Tube for 
anaesthesia 


Fig. 4.—Exposure is obtained by cutting across the heads of sternomastoid muscles 
and resecting a portion of sternum. 


Step 2. Partial Resection of Trachea (May 9, 1941) 


Procedure——tThe portion of the skin immediately around the tracheal stoma was 
prepared with iodine and alcohol; the skin was infiltrated with novocaine; and 
an intratracheal tube was placed into the stoma and fastened in place by means 
of purse-string sutures of heavy silk which were taken through the surrounding 
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skin. The patient was then given a general anesthesia through this tube. The 
entire neck and upper chest were prepared with iodine and alcohol and were 
draped for surgery. 


A symmetrical transverse incision, approximately 12 em. in length, was made 
through the skin on a level with the upper border of the medial extremity of the 
clavicles (Fig. 4). From the outer angles, two incisions were made obliquely down- 
ward and outward, each being about 14 cm. in length. The incision was carried 
down through the fascia of the underlying muscle, and the skin flap was reflected 


SS sages" 


ip 


Fig. 5.—Further incisions (as shown in the dotted lines) were made to permit careful 
excision of trachea from esophagus and to provide skin flaps for closure. 


to its base. The portion of the pectoralis major muscles overlying the upper portion 
of the manubrium were then excised. The upper margin of the transverse incision 
was then undermined up into the neck for a short distance, and the portion of the 
sternocleidomastoid on each side which inserted into the manubrium was divided 
close to its insertion. The pectoralis minor, over the upper portion of the manu- 
brium, was then removed by means of a periosteal elevator. The periosteum was 
reflected from the posterior surface of the upper portion of the manubrium. A 
large trephine hole was made through the manubrium at a point 3 em. below its 
upper border. A Gigli saw blade was then inserted through the hole and was 
drawn out beneath the upper border of the manubrium; the intervening portion 
of the manubrium was divided with the saw on each side, leaving a ‘‘V’’ shaped 
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defect, the edges of which were smoothed and rounded with a bone file. After 
this had been done, exploration immediately beneath this defect showed that the 
right innominate artery and the left innominate vein were directly in the field 
anteriorly, and the arch of the aorta could be palpated inferiorly. The trachea 
was freely movable. 

A vertical incision was then made up into the neck, beginning at the anew 
of the upper transverse incision (Fig. 5). It was carried almost as far as the 
tracheal stoma aud then was continued around the tracheal stoma, leaving with 
the stoma an adequate amount of the surrounding skin. The lateral flaps of skin 
and platysma were reflected laterally as far as the sternocleidomastoid muscle on 
each side. The thyroid isthmus presented in the field was divided in the midline 
between clamps, and each stump was ligated with a suture ligature of No. 1 
chromic catgut. 


Ue I) 


Fig. 6.—Method of removal of the cancerous segment of trachea. At this point the 
anesthetist switched to pentothal sodium. 


Each lobe of the thyroid gland was then reflected from the lateral aspect of 
the trachea. The remaining portion of the cricoid cartilage, just above the tracheal 
stoma, was then divided along with the scar tissue surrounding it on each side, 
thus mobilizing the entire upper end of the trachea and delivering it into the 
wound. The strap muscles were then reflected laterally from the trachea, and 
the trachea was carefully dissected from the esophagus posteriorly from above 
downward to a level which was thought to be at the lower border of the growth. 
In this dissection no fibrous adhesions or tumor tissue was encountered. 

At a point approximately 6 cm. below the upper margin of the tracheal stoma, 
a vertical incision was made in the trachea anteriorly, and traction sutures of No. 
3 silk were placed through the margins of the incisions on each side. The incision 
was lengthened so that an adequate view of the growth could be obtained. When 
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Fig. 7—Photograph of the trachea, showing cancer on its posterior wall. There was 
considerable retraction after the specimen was removed. 


Fig. 8.—A, Closure. B, The two upper skin flaps were sutured to each other and 
to the posterior wall of trachea over a thick layer of gauze soaked in sulfathiazole. 
Five grams of sulfathiazole were spread about in the mediastinal portion of the wound. 
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the trachea was opened, the intratracheal anesthesia necessarily had to be discon- 
tinued and the patient was switched to intravenous sodium pentothal administered 
through an ankle vein (Fig. 6) already being utilized for a normal saline infusion. 
When the tumor was examined through the incision in the trachea, it was found 
that the lower border of the growth had not been reached. Therefore, continuous 
traction was placed upward on the upper portion of the trachea, drawing it. upward 
with the mediastinal contents, and the incision was carried downward anteriorly 
through the trachea wall. Traction sutures were placed approximately 6 mm. apart 
on each side as the incision was lengthened. 


Fig. 9.—Photograph showing postoperative healing complete. 


When a level had been reached just below the lower border of the tumor, the 
incision was carried around laterally on each side, again using traction sutures as 
the incision was made. The entire trachea was encircled by the incision (Fig. 7), 
and the upper tumor-bearing segment removed. During the procedure it appeared 
as though there was a margin of at least 5 mm. of normal mucosa below the tumor, 
but, when the specimen was excised and the tension was released, the specimen 
contracted so that there appeared to be only a few millimeters of normal mucosa 
at the lower margin of the tumor. 

The upper margin of the lower skin flap was then drawn upward, and the 
traction sutures were utilized in suturing it to the upper margin of the trachea. 
This skin flap aided materially in holding the remnant of trachea up and forward. 
The medial borders of the lateral flaps were sutured to each other and to the 
posterior margin of the trachea in the midline. The lower margins of these 
lateral flaps were then brought down and sutured to the cut edge of the trachea 
about its entire circumference. (Fig. 8.) 

A cigarette drain was brought out through each of the lower wound angles, 
and the space between the upper skin flaps and the esophagus was filled with 
sulfathiazole powder and sterile gauze packing. 


The postoperative course was smooth (Fig. 9). 
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COMMENT 


It seems reasonable to consider that this patient had two cancers. 
The trachea lesion was at a level much below that of the original 
larynx growth. It oceurred fifteen years after the first lesion, and its 
ineeption was, in all probability, not influenced by the previous radia- 
tion—which was also at a higher level. The second cancer arose at the 
site of contact of the tracheotomy tube with the posterior tracheal wall. 
The posterior edge of the tracheotomy tube had been worn paper thin 
and razor sharp by the repeated wire brush cleaning, and during the 
normal respiratory excursion this sharp metal tube rubbed up and 
down against the posterior wall of trachea over about the same surface 
area as that covered by the cancer. 

It seems reasonable to suspect that the tube produced the irritation 
and eventually the cancer. However, it must be admitted that double 
cancers tend to oceur in the same system (gastrointestinal tract, respira- 
tory tract, ete.) and that in this case other factors were at work, such 
as, previous radiation, operative trauma, interference with blood sup- 
ply, and irritation caused by inspiring raw air and dust directly into 
the trachea. In addition, there was a slight but almost constant leak- 
age of saliva from the pharynx into the trachea; this caused irritation 
of the mucosa and frequent coughing. 

The importance of eancer follow-up is emphasized by this patient’s 
course. 
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DECOMPRESSION OF THE CHEST FOR DYSPHAGIA DUE TO 
MARKED CARDIAC ENLARGEMENT 


Francis C. Newton, M.D., AND Samueu A. Levine, M.D., Boston, Mass. 


YSPHAGIA is a rare complication of heart disease. The conditions 

under which it occurs have recently been reviewed by Bloomfield.’ 
In the congenital right aortic arch it is such a prominent and distinctive 
feature that it is also called ‘‘dysphagia lusuria’’ or a freakish diffi- 
culty in swallowing. Pressure on the esophagus obviously may result 
from a large aortic aneurysm. It is also thought that a massive peri- 
cardial effusion at times may disturb the act of swallowing. Among 
diseases of the heart itself, the only condition in which significant 
dysphagia results is marked enlargement of the left auricle. The great 
degree of dilatation of this chamber necessary to produce sufficient pres- 
sure on the esophagus occurs almost exclusively in disease of the mitral 
valve, with stenosis or insufficiency. Although marked cardiac enlarge- 
ment in other types of heart disease frequently is associated with x-ray 
evidence of pressure on the esophagus, subjective distress on swallowing 
does not occur or is not significant. The following ease is reported be- 
cause of the rarity of this particular complication of heart disease and 
because we are not familiar with any other instance in which surgical 
treatment was employed for the relief of the dysphagia. 


CASE REPORT 


The patient was an unmarried woman, 29 years old, complaining chiefly of 
palpitation, shortness of breath, weakness, and difficulty in swallowing. 

Past History—She had attacks of rheumatic fever at the ages of 5, 9, 12 and 
24 years and chorea at the age of 12 years. ‘Tonsillectomy was performed at the 
age of 7 years. Attacks of palpitation and precordial pain occurred at the age of 
17 years, for which she was in bed for several weeks. During subsequent years she 
had to go to bed for periods of several weeks or months on a few occasions be- 
cause of palpitation, dyspnea, and weakness. She had taken digitalis for many 
years, and was in the wards of the Peter Bent Brigham Hospital in 1927 and 1929, 
and was followed in the outpatient cardiac clinic. Most of the time she was able 
to be up and about and take short walks. Beginning about February, 1951, she 
noticed, in addition to her other symptoms, a feeling of a lump in her chest and 
some difficulty in swallowing. This became particularly troublesome after July 1, 
1931. 

Physical Examination.—The patient was a thin, sickly looking, cyanotie young 
woman. There was a prominent precordial bulge and the heart was markedly en- 
larged to the right and left. The rhythm was grossly irregular. The first sound 
at the apex and the pulmonary second sound were accentuated. There was a grade 
3 apical systolic murmur and a short mid-diastolie rumble. There was also a slight 
diastolic blow at the third left sternal border and a grade 2 aortic systolic murmur. 
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A prominent Broadbent’s sign was present below the angle of the left scapula. 
The liver was palpable three fingers below the right costal margin and was tender. 
The lungs showed only a few moist rales at the bases. There was no pitting edema. 
Blood pressure was systolic, 120; diastolic, 70. Electiscardiograms were typical 
of auricular fibrillation. X-ray showed marked cardiac enlargement to the right 
and left and the esophagus was pushed to the right and posteriorly (Figs. 1 to 3). 

The clinical diagnosis was mitral stenosis and insufficiency, aortic stenosis and 
insufficiency, question of adhesive pericarditis, and dysphagia, due to pressure of an 
enlarged heart on the esophagus. 


Fig. 1.—A preoperative x-ray taken at 7 feet, on July 27, 1931, showing marked 
cardiac enlargement with prominence of left and right auricles, 


Clinical Course-—She was treated in the ordinary way for congestive heart fail- 
ure, receiving digitalis and mereury diuretics. She improved and the heart rate was 
slowed to about 70. Despite the improvement in the circulation, she continued to 
have difficulty in swallowing. Food seemed to ‘‘stick behind the breast bone.’’ 
Because it was thought that the dysphagia was purely the result of mechanical pres- 
sure of the left auricle on the esophagus and would not respond to any further 
medical measures, it was decided to perform a decompression of the chest in order 
to afford some relief of the pressure on the esophagus. It was also hoped that such 
an operation might aid in the movements of the heart and thereby improve the under- 
lying cardiac state. The operation was performed by one of us (F. C. N.) on 
Aug. 7, 1931. 

Operation—A partial resection of the third, fourth, and fifth ribs, on the left, 
was done. Basal anesthesia, avertin, and local novocain infiltration were used. <A 
fairly satisfactory anesthesia was obtained by the alministration of avertin, only 
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a very short initial drop in blood pressure being encountered. The skin over the 
left chest was infiltrated over a large flap which hinged on the anterior axillary line 
and included an area extending from the third to the sixth interspace along the 
midline of the anterior chest wall. A skin and subcutaneous flap was turned back. 
Warm Mikulicz pads were used to keep this large denuded area moist and warm. One 
at a time, portions of the third, fourth, and fifth ribs were removed subperiosteally, 
cutting each rib at its costal junction and in the anterior axillary line laterally. 
In all, about five inches of each rib were removed directly overlying the heart; no 
difficulties were encountered. There was a slight amount of bleeding from several 
perforating vessels but these were readily controlled. As the wall was decompressed, 
the heart beat furiously and the pulse rate was noticeably more rapid. Pressure 
was maintained over the precordial area throughout the operation and at the end of 
the operation a fairly tight chest binder was applied in order to support the decom- 
pressed area temporarily. The skin flap was closed with subcutaneous stitches and 
the skin sutured with interrupted fine silk. The patient’s condition was fair at the 
end of the operation. 


22 1932 - 


Fig. 2.—Anteroposterior view of esophagus taken on March 22, 1932, some months 
after + ona showing deviation of esophagus to right and absence of ribs over 
precordium. 


Postoperative Observations.—During the first twenty-four hours postoperative, the 
temperature rose to 105° F.; the apex rate to 105; the blood pressure fell to systolic, 
70; diastolic, 50; and there was marked Cheyne-Stokes breathing. Her condition 
was desperate. She was given caffeine, additional digitalis intramuscularly, and 
morphia, and in the next few days improvement was striking. 

On Aug. 19, 1931 (twelve days after operation), her general condition was fairly 
good, although she still had some difficulty swallowing solid food. A barium x-ray 
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on that day showed that the esophagus was still pushed posteriorly, but not to the 
right. There was still noted a delay in the passage of the barium at the point 
where the esophagus passed behind the heart. She gradually improved, became 
ambulatory, and was discharged from the hospital on Sept. 18, 1931. 

Thereafter, she was seen at frequent intervals in the outpatient cardiac clinic. 
On Sept. 25, 1931, when she returned to the outpatient cardiac clinic after the opera- 
tion, she stated that the pain and difficulty in swallowing had entirely disappeared. 
In addition, there were now definite changes in her cardiac state. Before the 
operation she constantly complained of palpitation and the heart rate was always 
quite rapid (110 to 130) while ambulatory, despite digitalis dosage up to the point 
of nausea. After the operation palpitation and tachycardia were improved. It seemed 
that now with a considerable portion of the bony ribs removed, the heart contracted 


Fig. 5.—Post-mortem x-ray of sternum and ribs on March 4, 1940, showing partial 
regeneration of resected ribs. 


against a soft cushion of skin, subcutaneous tissue, and muscles and no longer pro- 
duced the uncomfortable sensation that formerly troubled her. It also appeared 
that the heart was less irritable because the same dose of digitalis that she pre- 
viously took now slowed the heart rate satisfactorily to under 100. Further evidence 
that the cardiac condition had improved following the decompression was the pa- 
tient’s own statements that for a few years thereafter she was able to do some 
housework which she formerly was unable to do. She no longer had to rest in bed 
so much. However, as years elapsed, further cardiac disability became apparent, 
the heart gradually increasing in size (Fig. 4). X-ray examination showed that the 
resected ribs had partially grown back (Fig. 5). Although she remained ambulatory 
and was in fair health for over eight years, she finally died in sleep, March 3, 
1940, 
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Post-mortem examination showed a markedly dilated heart, which weighed 590 
Gm. There was marked mitral insufficiency with slight stenosis, and slight stenosis 
of the aortic and tricuspid valves. The pericardial cavity was entirely obliterated 
by thin, old, fibrous adhesions. The esophagus was displaced slightly to the right. 


COMMENT 


In view of the benefit which this patient obtained from removal of por- 
tions of three ribs, we feel that in a similar case it would be wise to add 
one more rib to the number resected and particularly to remove the 
periosteum together with the ribs in order to prevent the partial re- 
generation and consequent recurrence of constriction of the chest which 
took place in this ease. 

Surgical operations for various forms of heart disease are now being 
carried out more and more frequently. Great advances have been made 
in the surgical treatment of constrictive pericarditis and more recently 
of congenital patent ductus-arteriosus. Decompression of the chest has 
been employed in the attempt to relieve chronic mediastinopericarditis. 
One such ease was reported by Marvin and Harvey? in which consider- 
able symptomatic relief was obtained. Indeed, Summers’ reported a 
similar experience in 1917, and refers to an earlier case in which the 
patient was operated upon in March, 1912. However, when such an 
operation is done, without exploring the pericardium, the improvement 
that has been observed has been thought to be due to the fact that peri- 
cardial adhesions no longer had to struggle against a firm, bony, chest 
wall. May not the beneficial results in these cases be due, partly, if not 
entirely, to the decompression effect on a markedly enlarged heart? In 
fact, some of these cases that have been operated upon may not have had 
adhesive pericarditis, a diagnosis that is difficult to establish without 
exploration of the pericardium. This is borne out by the experience of 
Graham,‘ for in the two cases he reported in which decompression of the 
chest was performed, the pericardium was not explored in one and was 
proved uninvolved in the other and yet showed clinical improvement. 
The experience with the case reported here makes one wonder, therefore, 
whether there may not be a more general application of the principle of 
thoracic decompression for marked cardiac enlargement. 


SUMMARY 


A case was reported in which marked dilatation of the heart, especially 
of the left auricle, due to rheumatic valvular disease, caused dysphagia. 
A decompression of the chest, removing portions of the third, fourth, 
and fifth ribs anteriorly, was performed in order to relieve pressure on 
the esophagus. Not only did the dysphagia disappear postoperatively, 
but there was a distinct improvement in the cardiac state so that palpita- 
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tion was less troublesome, the heart rate could be slowed more satisfac- 
torily, and the general strength of the patient was better. The patient 
lived for almost nine years after the operation. 
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NEW INSTRUMENTS 
A DEscrIPTION OF Two GADGETS OF VALUE IN THORACIC SURGERY 


Apams, M.D., Epwarp D. Cuurcuity, M.D. 
Boston, Mass. 


SEMICIRCULAR metal tip of 5 by 4 by 2 mm. mounted as a de- 
tachable screw into the end of a Bethune tourniquet has proved 
useful in occluding the primary bronchus for suture following pneu- 
monectomy. After all structures except the bronchus have been ligated 
and cut, the tourniquet is applied proximal to the line of section, with 


Fig. 1. 
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the tip pressing upon the posterior membranous portion of the bronchus. 
The tourniquet is tightened and the lung resected. The instrument 
maintains the crescentic shape of the occluded bronchus while holding 
the membranous portion closely approximated to the semicircular ear- 
tilaginous portion for placement of sutures as described by Rienhoff. 
Thereby, maintenance of positive pressure is permitted, leakage of 
bronchial secretions is prevented, crushing of the bronchus is avoided, 
and meticulous closure is facilitated. If doubt exists as to whether any 
tumor has been left, the tourniquet is removed, the bronchus opened 
widely, and further resection carried out as indicated. 


Fig. 2. 


The closure of chest wounds after intrathoracic operations has been 
simplified by a rib contractor used as an accessory to the standard rib 
spreaders of the Lilienthal and Maguire types. Immediately after re- 
moving the rib retractor preparatory to closing a thoracic wound, its de- 
tachable blades are replaced by two small, inwardly curved hooks, which 
are held fast by thumb serews. The instrument is placed with one hook 
above and the other below the ribs adjacent to the pleural incision. The 
arms of the retractor, transformed by the hooks into a contractor, are 
approximated until the incision can be closed without tension, after 
which the contractor is opened slightly and removed. The instrument 
arms lie lateral to the line of incision and allow placement of sutures 
without mechanical impediment along the entire wound and maintain 
the edges of the incision in constant relationship throughout closure. 
Thereby, the wound tension is divided equally among all sutures, in- 
dividual breakage is prevented, small diameter suture material is made 
feasible, and airtight closure is easily accomplished. 


These accessories may be procured from the George P. Pilling & Son Co., Arch and 
Twenty-third Streets, Philadelphia, Pa. 
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POSTPNEUMONIC EMPYEMA IN INFANTS AND CHILDREN 


TREATMENT BY OPEN DRAINAGE: THIRTY-NINE Cases, ONE DEATH 


Mark H. Wiuutams, M.D. 
BINGHAMTON, N. Y. 


DEFINITE trend toward standardization of treatment has evolved 

for a number of thoracie diseases which have only recently become 
amenable to surgery. The treatment of empyema, on the contrary, re- 
mains highly controversial, despite the fact that until lately it was prac- 
tically the only surgical disease of the chest. 

In the voluminous literature of this disease the treatments proposed 
range from the extremes of aspiration alone, to wide thoracotomy with 
packing.’ Arrayed between these diametrically opposed methods is a 
variety of ‘‘improvements’’ and ‘‘modifications’’ of open and closed 
drainage, almost without limit. The astounding number of treatments 
advocated conclusively shows that no one method is entirely satisfactory. 
Their dissimilarity in principle reflects, moreover, a general lack of agree- 
ment on: 

1. What constitutes adequate drainage. 

2. The advisability of instituting open drainage, especially in infants 

and children. 

3. The mechanism of healing of empyema cavities. 

In the report that follows, the open method of treatment is advocated. 
Our efforts have been directed toward utility and simplicity, and, to this 
end, drainage tubes, irrigations, and breathing exercises have been elimi- 
nated. Experience indicates that the danger of open drainage has been 
exaggerated and that complications, chronicity, and mortality are inti- 
mately related to delayed or inadequate drainage. The limitations and 
sources of error attendant on the use of the criterion of ‘‘thick pus’’ for 
the timing of operation will be considered. As a substitute for this 
estimate a time factor will be proposed. The advantage of dependent 
drainage will be stressed, and to achieve this objective an x-ray method 
of preoperative localization of the cavity with lipiodol and air will be 
described. There follows a study of our material in which the general 
plan of management was based on the foregoing concepts. Particular 
attention will be given to the waiting period, the selection of the site for 
drainage, the mechanism of healing, and the causes of failure. 


MATERIAL 


The group of cases under consideration (Table I) includes thirty-nine 
consecutive postpneumonie empyemas in infants and children which were 
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TABLE I 


AGE NO. OF PER CENT 
(YEARS) PATIENTS MORTALITY 
Under 2 7 0 0 

2-7 20 5 

7-13 12 0 

Total 39 0 2.6 


*Pulmonary embolism forty-eight hours after operation. 


operated upon during the five-year period, 1935-1940. The ages of the 
patients varied from 6 months to 13 years. Thirty-five cases were acute 
and four were chronic. The duration of illness in the latter varied from 
forty-seven days to three years and four months. An index of the 
severity of illness is indicated in Table II, which lists the complications 


TABLE IT 


INCIDENCE 


Anemia 
Hemoglobin (%) (Sahli) 
50-60 1 
40-50 
30-40 
Aspiration abscess of chest wall 
Septicemia 
Perforated lung abscess with spontaneous 
pneumothorax 
Otitis media 
Contralateral pneumonia 
Perforated appendix 
Diffuse peritonitis 
Feeal fistula 1 25 
Subdiaphragmatic abscess 


bo 
no 

wn 


DO Do bo 


bo 


Empyema necessitatis iE 2.5 
Mastoiditis 1 2.5 
No complications 5 13.5 


Total 


present before the operation. Thirty-five patients presented some com- 
plication. Hypochromie anemia was the most frequent and was uni- 
formly present when there were other complications. Next in order of 
frequeney followed aspiration abscess of chest wall, septicemia, perfo- 
rated lung abscess with spontaneous pneumothorax, otitis media, contra- 
lateral pneumonia, peritonitis and subdiaphragmatie abscess, mastoiditis, 
and empyema neeessitatis. Blood cultures were not taken in every ease, 
and it is likely that septicemia was present more frequently than is 
indicated. 


BACTERIOLOGY 


The bacteria isolated from the empyema fluid are listed in Table III. 
The pneumococeus was the predominant organism, being present in 30 
or 76 per cent of the entire group. The pneumococeus Type I was 
present in seventeen or 43.5 per cent of all patients. In those remaining, 
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TABLE IIT 


NO. OF INCIDENCE 
PATIENTS (%) 
Pneumococcus Type 17 43.5 
Type II a 2.5 
Type IV 2 5.0 
Type VI 4 10.0 
Type VII 2 5.0 
Type XI al 2.5, 
Type XIV 2 5.0 
Unclassified 1 2.5 
Staphylococcus aureus i 2.5 
Streptococcus hemolyticus 2 5.0 
Streptococcus viridans 1 2.5 
Mixed Infection 
Staphylococcus aureus 
Pneumococeus 1V a 2.5 
Staphylococcus aureus 
Pneumococcus XI 1 2.5 
Bacillus coli 
Hemolytic streptococcus 1 2.5 
Hemolytic streptococcus 
Pneumococcus unclassified 1 2.5 
Staphylococcus aureus 
Pneumococeus unclassified 1 2.5 
Total 39 100.0 


two were due to hemolytic streptococcus, one to Staphylococcus aureus, 
one to Streptococcus viridans, and in five there was mixed infection. 
The organism isolated in the fatal ease was a hemolytic streptococcus. 


PREOPERATIVE MEASURES 


Thoracic empyema is an abscess of the pleural sac. Its treatment is a 
special surgical problem because this space is normally under a pressure 
which is less than atmospheric. As an abscess, empyema produces vari- 
ous degrees of sepsis. As a pleural effusion, it causes cardiorespiratory 
embarrassment. In the average patient sepsis and ecardiorespiratory em- 
barrassment are both present, and the symptoms referable to either may 
dominate the clinical picture. 

The rule that operative treatment should not be undertaken during 
the formative stage of empyema has become axiomatic. Supportive meas- 
ures during this period are therefore of the greatest importance, and 
their proper application may mean the difference between success and 
failure. Antipneumococcic serum, and more recently the sulfonamide 
drugs, have been used in a large proportion of patients. In the group 
under 2 years of age, oxygen therapy has been particularly useful, and 
in these the parenteral administration of fluids has frequently been 
necessary. Transfusions have been used freely in all patients in which 
the hemoglobin value was below 60 per cent. 
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TABLE IV 


NO. OF 
PATIENTS 


TRANSFUSIONS 


PREOPERATIVE 


POSTOPERATIVE 


20 
12 


9 
17 
19 


39 


45 


Total No. of Transfusions 


The thirty-nine patients were given fifty-nine transfusions, as shown 
in Table IV. Blood was used more frequently before than after opera- 
tion, in the proportion of three to one. In general, the number given 
was inversely proportional to the age, and they were administered 
exactly twice as frequently in the youngest as compared with the oldest 
group. The percentage of transfusions given after operation was ap- 
proximately the same regardless of age. 

Aspiration was used in every patient. Contrary to previous reports,” 
we have noted very little relief from sepsis by the removal of even large 
quantities of pus. Relief of dyspnea, however, was frequently striking, 
particularly in patients presenting large cavities with mediastinal dis- 
placement.. With increased experience the impression was gained that 
aspiration was of little benefit in the relief of sepsis, and that in the ab- 
sence of cardiorespiratory embarrassment the results were of little benefit. 


TIMING OF DRAINAGE 


The most important objectives to be gained by delaying operation 
according to Graham® are: (1) resolution of pneumonia, (2) increase 
in vital capacity, (3) stabilization of the mediastinum, (4) formation 
of adhesions which eneapsulate the fluid. Regarding treatment, the same 
author states, ‘‘Our preference in most eases of acute empyema is to 
carry on repeated aspirations until such time as the exudate has become 
thick creamy pus, and then to drain openly, usually by resection of about 
2 em. of one rib.”’ 

The universal acceptance of the above outline of management and 
our own experience attest that it is ‘‘fundamentally sound.’’ The 
objectives of delay appear to occur in the above chronological order. 
Strict adherence to this plan of treatment unquestionably insures a 
safe operation. Such adherence may, however, result in an unduly 
long waiting period, thereby exposing the patient to the dangers in- 
herent to prolonged sepsis. Study of our cases appears to show that 
“‘protective adhesions’’ which theoretically appear desirable, are not 
necessary in practice; moreover the use of the criterion of ‘‘thick pus’”’ 
for the timing of operation may be deceptive and unreliable. 


FIBRIN 


The physical properties of the effusion in acute empyema undergo 
progressive changes. Early the fluid is thin, watery, straw-colored, and 
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nonpurulent in character. Evolution of the inflammatory reaction within 
the first two weeks, usually results in transforming the exudate into 
‘frank pus.’’ At this stage, the viscosity of the fluid is increased, due 
mainly to decrease in water, and increase in solids and cellular content. 

As compared with other inflammatory exudates, the fibrin content in 
inflammation of serous sacs is unusually large.‘ The amount of fibrin 
present is an important factor in the consistency of the fluid which varies 
considerably, depending on the offending organism and the duration of 
the disease.© In empyemas caused by organisms other than the pneu- 
mococeus, ‘‘thin pus,’’ apparently the result of low-fibrin content, is not 
unusual. In streptococcic effusions in particular, the exudate is usually 
thin. Pneumococcic empyemas, on the contrary, always develop large 
amounts of fibrin. The presence of the latter is of considerable practical 
importance in diagnosis and treatment and requires consideration in 
some detail. 

In pneumococciec empyema, small plugs of fibrin usually form early 
causing difficulty in aspiration and giving the clinical impression of 
‘“‘thick pus.’’ This formation is progressive, and at operation, almost 
without exception, large palm-sized gelatinous masses are found. If the 
operation is unduly delayed, complete separation of the fibrin from the 
fluid may result in the latter’s changing from ‘‘thick’’ to ‘‘thin’’ pus. 
At a still later stage, disintegration of the leucocytes occurs and the 
exudate may become brownish, watery, and nonpurulent in character. 
It follows, therefore, that the appearance and consistency of the fluid, 
instead of being informative, may actually be deceptive in evaluating 
the stage of the disease. 

The presence of fibrin in the effusion may on oceasion lead to failure 
to make the diagnosis. We have repeatedly demonstrated at operation 
that this gelatinous material can obstruct completely an aspiration 
needle of even the largest caliber. For this reason, when fibrin is pres- 
ent, repeated diagnostic aspirations may fail to vield pus. It appears 
likely that this may have been responsible, at least in part, for the failure 
to make the proper diagnosis before autopsy in 20 per cent of the eighty 
cases reported by Rienhoff and Davidson,® and also for Osler’s admonish- 
ment that ‘‘seventy times seven’’ negative exploratory aspirations are 
necessary to disprove a clinical diagnosis of empyema. 


Difficulty in obtaining pus occurred in two patients in this series. 
Both patients had pneumococciec empyema. In both, the first aspiration 
was done late in the disease at a time when the precipitation of fibrin 
could normally be expected. In both, fibrin was present at operation at 
which time it was demonstrated that the aspiration had been made in 
the proper location. In the first patient six, and in the second ten ex- 
ploratory aspirations were made before even a small quantity of pus 
was obtained. 
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This tendency of fibrin to obstruct an aspirating needle has frequently 
led to another error: a patient, who by physical and roentgenologic 
examination was believed to have a large empyema, was explored with a 
needle, and only a small quantity of pus could be obtained. Aspiration 
in other locations was productive of similar small quantities of fluid. 
This finding has frequently led referring physicians to express the 
opinion that multiple pockets were present. In every such instance 
the operative findings failed to confirm this impression, and with one 
exception all of our patients presented a single empyema cavity. 

In addition, the presence of fibrin may lead to the error of placing 
the thoracotomy at a disadvantageous site. The largest deposits are 
commonly found posteriorly in the costophrenie sinus. This location is 
generally acknowledged to be the best site for drainage. Failure to ob- 
tain fluid in this area may result in the selection of a higher or more 
anterior level for drainage, the disadvantage of which will be discussed 
in another part of this report. 

Finally, fibrin may continuously or intermittently obstruct any drain- 
age tube, with the result that the sepsis is not relieved, and the patient is 
exposed to the danger of complications, chronicity, or even fatality. 


WAITING PERIOD 


The danger of instituting drainage too early, emphasized by Graham, 
has received wide acknowledgment and has been reiterated in a ma- 
jority of the current articles on empyema. Scant attention, however, 
has been given to the view that undue delay may be equally dangerous. 
That this may be the case is supported by the fact that undiagnosed and 
untreated empyema is a not uncommon finding at autopsy.** While 
it is true that uncomplicated empyema rarely is a cause of death per se, 
a collection of pus in the pleural sae, as well as one in any other location, 
must, if untreated and to a lesser degree if neglected or inadequately 
drained, lead to a prolonged sepsis and expose the patient to complica- 
tions, some of which will inevitably be fatal. 

The view that delay in treatment may be a most important factor in 
mortality has been advanced by Horine and Baker.’ These authors 
studied the results of treatment in 103 infants and children who were 
treated over a ten-year period. The method of treatment included aspi- 
ration alone, and aspiration followed by open and closed methods of 
drainage, with and without rib resection. In ninety-three of these 
patients the duration of illness before the operation was ‘‘ conclusively 
determined.’’ Seventy-four were operated upon within three weeks 
after the onset of their pneumonia, and, of these, four died, a mortality 
of 5.4 per cent. In the remaining nineteen patients who were operated 
upon from three to six weeks after the onset of their illness, twelve died, 
a mortality of 63.1 per cent. 

From the foregoing it is seen that undue delay in instituting drainage 
may be an important factor in mortality. Earlier it was noted that the 
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consistency of pus, especially in pneumococcic effusions, undergoes pro- 
gressive changes. Strict adherence, therefore, to the single criterion 
of thick pus for the timing of drainage, may lead to undue delay in 
operation. For this reason additional criteria for the timing of opera- 
tion are desirable. 


Figs. 1 and 2.—Roentgenograms of a large empyema in a 16-month-old infant 
taken after aspiration of 300 cc. of pus and injection of 3 c.c. 40 per cent lipiodol. 
Note: (1) Absence of “encapsulating adhesions.” (2) Displaced mediastinum. (3) 
Globular collections of oil (A and B) due to fibrin. Thoracotomy performed the day 
after this examination was followed by an uneventful recovery. 


In this connection the report of Mason® is of considerable interest. 
His series includes 103 patients. Two-thirds of these were treated by 
rib resection, and one-third by the trocar cannula method, with a total 
mortality of 7.7 per cent. In forty, who were treated under the au- 
thor’s ‘‘personal charge’’ by rib resection, there was only one fatality. 
Mason follows the general plan of treatment of Graham which has been 
quoted earlier in this report. Mason adds two observations, however, 
which we believe to be of considerable importance: First, the stage of 
‘frank, creamy pus,’’ at which time rib resection may be safely per- 
formed, oceurs eighteen days after the onset of the pneumonia. Second, 
‘‘the patient with post-pneumonice empyema is safely operable at the end 
of three weeks after the onset of his illness and that the patient who 
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enters the hospital anemic, weak and toxie as a result of empyema has 
undergone unnecessary septic absorption for approximately two weeks.’’ 

The duration of disease before operation has been studied in all of the 
acute empyemas in our group. Our findings parallel closely those of 
Mason. Of the thirty-five patients, twenty were seen early and offered 
an opportunity for an early operation. These were operated upon on an 
average of 19.8 days after the onset of their pneumonia. The shortest 
waiting period observed was fifteen days in a 3-year-old patient. The 


ba 


Fig. 2. 


remaining fifteen patients came under observation late in their disease 
and were operated upon at once. The average interval in this group 
between the onset of pneumonia and operation was 36.3 days. The 
delay in operation in most of these was due to failure to make the 
diagnosis. In others, however, the waiting period had been deliber- 
ately prolonged by the attending physician. The effect of this longer 
waiting period (more than nineteen days) on the condition of the pa- 
tient at operation is of interest. All of the instances of severe hypo- 
chromic anemia occurred in this group. Included also are nine, or ap- 
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proximately 70 per cent, of the thirteen patients who presented compli- 
cations other than anemia before operation. 

The effect of prompt open drainage in the seven patients under 2 
years of age is noteworthy. Contrary to the usual mortality rate of 
from 20 to 40 per cent, there were no deaths in this group. The duration 
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Fig. 4. 


Figs. 3 and 4.—Diagrammatic sketch showing extent of cavity in type of empyema 
illustrated in Figs. 1 and 2. Localized adhesions not illustrated similar to those 
encountered in pneumothorax therapy for pulmonary tuberculosis were occasionally 
seen. 
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of illness before operation varied from seventeen to twenty-three days, 
and averaged 19.4 days. Cardiorespiratory embarrassment due to open 
drainage was notably absent, despite the relatively short waiting period. 


SELECTION OF RIB FOR DRAINAGE 


The advantages to be gained by placing the drain in a dependent part 
of the cavity have been repeatedly demonstrated. We have already 
noted the difficulty that fibrin deposits may cause in the aspiration of 
pus, particularly in pneumococcie empyema. To insure that the rib 
selected for resection will provide dependent drainage, and also to pre- 
vent injury of the diaphragm, a preoperative x-ray method of outlining 
the empyema cavity has been developed. The method utilizes the injec- 
tion of lipiodol and air. The technique and information gained from 
this study follow: 


When the patient is considered ready for drainage, an aspiration 
with air replacement is done. Following this 2 to 5 ¢.c. of 40 per cent 
lipiodol are injected into the cavity. Two roentgenologic examinations, 
a posterior-anterior and a lateral, are then made with the patient sitting 
up. The lipiodol forms a thin film at the lower, and the air produces 
a fluid level at the upper, limit of the cavity. Globular collections of 
oil frequently are present above the lower level of the cavity, and this 
we have found to be due to the presence of fibrin. 


An unexpected finding in this study has been the extent of the cavity. 
Evidence of pleural adhesions which encapsulated the pus was usually 
absent. When encapsulation was present, it occurred without exception 
in patients whose illness was of more than three weeks’ duration. In 
those examined earlier, the oil descended to the level of the diaphragm, 
and the air ascended to the apex of the lung. In these the lateral roent- 
genogram showed that the fluid extended throughout the entire trans- 
verse diameter of the chest. Typical roentgenograms which demonstrate 
these findings are illustrated in Figs. 1 and 2. At operation it was found 
that in the latter type the fluid formed a film over the entire lung as 
illustrated in Figs. 3 and 4. The pulmonary collapse in general was 
centripetal, and, although there was more collapse posteriorly than an- 
teriorly, this could be accounted for entirely by the effect of gravity. 
Despite the absence of ‘‘protective adhesions which encapsulated the 
pus,’’ no untoward symptoms followed a wide thoracotomy. 


OPERATION 


Without exception, all of our patients have been drained by rib re- 
section performed under local anesthesia. The objective of operation 
has been wide dependent drainage which is flush with the diaphragm 
followed by complete evacuation of the contents of the cavity, including 
fibrin deposits. Experience has shown that it is never advisable to resect 
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B. 


Fig. 5.—The usual location and average length of the thoracotomy. Note in the 
insert that drainage is flush with the diaphragm, 
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a rib lower than the ninth* and that, regardless of the descent of the 
diaphragm, dependent drainage may be obtained by selecting this rib 
if the thoracotomy is carried sufficiently far anteriorly. A long tho- 
racotomy (Fig. 5) is made which is similar in every respect to that 
advocated by Dolley and Jones'’ for putrid empyema. The rib length 
resected has varied from 2 inches in infants, to 31% inches in children. 
In the thirty-five acute empyemas the ninth rib was chosen in twenty- 
eight, the eighth in nine, seventh and eighth in two, and the sixth in one. 
The wide thoracotomy has permitted direct inspection of the cavity. 
Active motion of the lung and diaphragm was frequently seen; this, as 
will be shown below, has an important and generally unappreciated 
effect on the rate of cavity obliteration, and on the effectiveness of the 
operation, 

In this connection the duration of disease and size of the cavity are 
the determining factors. In general, three types of empyema cavities 
are encountered, and for each the thoracotomy should be individualized. 
In the first type are those patients having an empyema of average size, 
who have been subjected to an unnecessarily long waiting period. These 
usually show elevation and very little movement of the diaphragm. In 
such patients encapsulation of the pus is usually present and lung ex- 
pansion is slight or moderate. Very little elevation of the diaphragm 
occurs during convalescence, and for this reason a dependent thoracot- 
omy of average length is usually entirely satisfactory. 

In the second type are patients having empyemas of average size 
operated upon relatively early in the disease. In these, free diaphrag- 
matic movement and considerable lung re-expansion commonly oceur at 
operation. The elevation of the diaphragm is occasionally of such degree 
as to necessitate a higher thoracotomy immediately. This can usually 
be provided by the resection of an additional segment of the posterior 
end of the rib selected. Occasionally it is necessary to resect a segment 
of the next higher rib, and, when this is done, the intercostal bundle 
should be excised. ’ 

A third type presents a huge cavity with complete or almost complete 
collapse of the lung. The diaphragm is always greatly depressed. It is 
completely exposed by the pulmonary collapse and forms the floor of the 
cavity. The resulting diaphragmitis causes complete immobility of this 
structure and the lung usually shows no tendeney whatever to re-expand. 
In these patients very little diaphragmatic motion or lung expansion 
oceurs until one or two weeks after operation. Subsequently, during 
cavity obliteration the diaphragm invariably rises several inches. To 
provide dependency, therefore, an unusually long thoracotomy is neces- 
sary. If the ninth rib is selected, the rib resection should be extended 
well into the mid-axillary line. Despite this precaution, elevation of the 
diaphragm during convalescence is commonly of such degree that a see- 
ond higher thoracotomy is required, 
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In these patients cavity obliteration is invariably slow. Regeneration 
of the rib sufficient to narrow and render the thoracotomy inadequate, 
may occur before recovery is complete. To prevent such regeneration 
the application of 10 per cent formaldehyde to the periosteum has been 
found helpful. 

Drainage tubes which may injure the expanding lung and which are 
poorly tolerated by young patients are not used. To prevent sealing 
of the wound a rubber dam drain may be necessary. The latter should 
be sutured to the margin of the wound and ean usually be removed" 
on the second or third postoperative day. The wound is always left 
wide open. 

POSTOPERATIVE CARE 


Aftercare is greatly simplified in patients operated upon in this man- 
ner. The patient is postured on the affected side with his shoulders 
elevated. This allows the empyema eavity to remain entirely empty at 
all times. No attempt is made to keep the thoracotomy opening airtight, 
and a sucking wound unproductive of symptoms results. Profuse drain- 
age is the rule, particularly for the first twenty-four hours. The wound 
requires no care other than a daily change of the dressing and, in the 
absence of a bronchial fistula, a weekly mensuration of the ecavity’s 
capacity for the purpose of recording progress. Inasmuch as the cavity 
is entirely free of pus at all times, and because there is danger of intro- 
ducing secondary infection, irrigations are never used. 

Response to operation is rapid. Within forty-eight hours the tem- 
perature is usually normal. For this reason the feeding problem which 
has been stressed by many is for the most part nonexistent. Failure to 
obtain this response to operation is exceptional. When such is the ease, 
we almost invariably find some complication to be present. 

When progressive decrease in drainage and size of the cavity fails 
to oceur, the drainage is inadequate. Fever and constitutional symp- — 
toms, nevertheless, are frequently absent. If a proper operation has 
been done and the patient has been correctly postured, elevation of the 
diaphragm is usually at fault. When this occurs, there should be no 
hesitaney in proceeding with a second operation. At times resection of 
an additional segment of the posterior end of the same rib may be 
sufficient. Frequently, however, it is preferable to remove a section of 
the next higher rib together with the intervening intercostal bundle. 

Three patients in this series, all of whom presented huge cavities at 
operation, reached a stage during convalescence at which elevation of 
the diaphragm made the thoracotomy inadequate. Further eavity ob- 
literation then failed to occur. In all a secondary operation was done, 
and this was followed by complete re-expansion of the lung. Data con- 
cerning these patients are noted in Table V. 
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RE-EXPANSION OF THE LUNG 


Inseparably linked with the subject of lung re-expansion and cavity 
obliteration is the premise that preservation of a negative intracavitary 
pressure is essential or desirable. This hypothesis appears to be largely 
responsible for the multiplicity of treatments currently proposed. Pro- 
ponents of this view are for the most part advoeates of some type of 
closed drainage. Occasionally, however, the same conjecture is advanced 
by an advocate’® '* for open drainage. Our own experience lends no 
support to the above hypothesis. As previously stated a sucking wound 
following operation was the rule. Despite this, as will be shown later, 
re-expansion of the lung has occurred promptly. In the oceasional case 
where such re-expansion has been slow or has failed to oceur, the expla- 
nation has invariably been found to be inadequate drainage (not de- 
pendent, not sufficiently wide) which fails in the objective of sterilization 
of the cavity, or in properties inherent in the empyema, the most im- 
portant of which is complete collapse and immobility of the lung at 
operation. 

The view that negative intracavitary pressure is not essential to re- 
expansion of the lung is supported by a number of observations. One 
example is seen in certain patients receiving artificial pneumothorax for 
tuberculosis. During such therapy absorption of a pleural effusion is 
frequently accompanied by the formation of broad areas of adherent 
lung at its base. Progressive re-expansion then commonly occurs, and all 
efforts to arrest its progress by the use of frequent highly positive 
refills of air are usually ineffectual. 

A similar situation arises in other instances of pulmonary tubercu- 
losis following the operation of extrapleural pneumothorax. Following 
this operation all authors cite the necessity of frequent high-pressure 
pneumothorax treatments to prevent lung re-expansion. 

Another example offering still more convincing evidence against the 
hypothesis is to be found in empyema secondary to lobectomy or rup- 
ture of putrid lung abseess. Bronchial fistula in such patients inevit- 
ably preserves atmospheric relationships within the cavity. Complete 
obliteration of the empyema cavity, nevertheless, almost always occurs, 
although a large bronchial fistula commonly remains open and may re- 
quire a plastic operation to effect its closure. 

From the foregoing it appears that the preservation of a negative 
intracavitary pressure is of little or no importance in promoting re- 
expansion of the lung. A more tenable explanation is that of Phem- 
ister:'? ‘‘The important and essential factor in the obliteration of an 
empyema cavity is the traction or pull of the contracting granulation 
tissue upon the visceral pleura at its junction with the parietal pleura ; 
this traction or contraction continuing until the visceral and parietal 
pleura come into contact with each other and fuse.’’ In elaborating 
this explanation, Heuer suggests ‘‘that the healing of empyema is 
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analogous to the healing of wounds elsewhere ... and that it should 
be hindered or abetted by conditions ... which govern the healing of 
other superficial and deep wounds.”’ 


The latter explanation of the mechanism of re-expansion is the one 
we believe to be tenable. Since it is governed by the same principles 
that control wound healing in general, it presupposes as a primary 
requirement the sterilization of the cavity. This objective we believe 
is best achieved by drainage which is wide and dependent, not only at 
the time of operation but also later during the healing period when 
elevation of the diaphragm may have occurred. 


RATE OF CAVITY OBLITERATION 


A proper operation does not insure rapid cavity obliteration. We 
have already noted that healing is delayed when the lung is collapsed 
and the diaphragm is depressed. In addition, other inherent properties 
of the empyema accelerate or delay recovery. This variation in rate 
of re-expansion has been an object of special consideration. As an 
index of the rate of healing we have taken the time in number of days 
from operation to discharge from the hospital. It should be noted that 

cavity obliteration and wound healing were incomplete at this time. 

All of our patients had a draining sinus, and in some there was a small 

residual cavity which varied from 5 to 20 ¢.c. in capacity. Complete 

obliteration did not occur until an average of ten days after discharge. 

No patient has had recurrence of his empyema. 


TABLE VI 


ieee AV. SIZE AV. NO. OF DAYS 
GROUP appoint OF CAVITY FROM OPERATION 
TO DISCHARGE 
456 24.6 
II 16 203 27.1 
é 1,000 53.6 
IV 250 38 
V 350 42 


troup. 1. Uncomplicated empyemas with cavity 350-600 c.c. 
yroup II. Uncomplicated empyemas with cavity 70-350 c.e. 

Group III. Large empyemas with almost complete collapse of lung. 
Group IV. Empyemas complicated by bronchial fistula, 

Group V. Multiple cavities. 


The size of the cavity was unimportant in the rate of reeovery in 
uncomplicated cases, as shown in Table VI. Twelve patients having 
cavities averaging 456 ¢.c. were discharged on an average of 24.6 days 
after operation, whereas sixteen cases having smaller cavities averag- 
ing 203 ¢.c. were hospitalized for a slightly longer period (27.1 days). 
Delay in healing invariably followed, however, when complications 
were present. The most important of these were large empyemas in 
which there was complete or almost complete collapse of the lung. Our 
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group includes three patients of this type having cavities which aver- 
aged 1,000.c.c. in size and in these the period of hospitalization after 
operation averaged 53.6 days. All of these patients presented findings 
typical of large cavities previously noted. In every instance elevation 
of the diaphragm occurred during convalescence and made a second 
operation necessary. Delay in re-expansion of lesser degree occurred 
in three patients presenting the complication of bronchial fistula. These 
were hospitalized on an average of thirty-eight days after surgery. 
An increased period of hospitalization (forty-two days) occurred in 
one patient who presented two cavities, one of which was interlobar. 
This patient also required two operations. 

The relationship between the waiting period and the rate of cavity 
obliteration has also been studied. The emphasis which various writers 
have placed on the thickness of the visceral pleura as a factor in chro- 
nicity, led us to believe that a prolonged waiting period might delay 
healing. Data referable to this study are recorded in Table VII. We 
have compared those patients operated upon after the twenty-fifth day 
of illness with those operated upon earlier. All were uncomplicated 
as regards the empyema itself. The twelve patients in the first group 
were operated upon on an average of 36.3 days after the onset of their 
pneumonia and were discharged on an average of 29.8 days after oper- 
ation. Fifteen in the second group were drained on an average of 19.4 
days after onset of their pneumonia and were discharged on an average 
of 22.6 days after operation. These statistics show a considerable ad- 
vantage (22 per cent decrease in hospitalization) for early operation. 
No generalization appears warranted, however, because of the small 
number of patients studied, particularly in view of the fact that one 
patient whose waiting period was eighty-eight days was discharged 
within twenty days. 


TABLE VII 


ia aie AV. DURATION OF AV. INTERVAL FROM 
GROUP npemenion ILLNESS BEFORE OPERATION 'TO 
OPERATION DISCHARGE 
iE 12 36.3 days 29.8 days 
II 15 19.4 days 22.6 days 


Group I. Operation twenty-five days or more after onset of illness. 
Group II. Operation less than twenty-five days after onset of illness. 


It was previously noted that free diaphragmatic excursion and con- 
siderable re-expansion of the lung may occur at operation after evacu- 
ation of the contents of the cavity. The effect of such movement on 
recovery was recorded in twenty-three uncomplicated empyemas and 
is shown in Table VIII. The motion of the diaphragm and lung re- 
expansion was active in fifteen and slight or absent in eight of the 
twenty-three. The size of the cavity in both groups was approximately 
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the same. Those having active movement, as might be expected, were 
operated upon earlier (on an average of twenty as compared with an 
average of thirty-one days after the onset of their illness). Their hos- 
pitalization after operation was shorter (an average of 25.2 as com- 
pared with an average of thirty-one days). These findings show that 
active motion of lung and diaphragm at operation is of prognostic 
importance as regards cavity obliteration and suggests that failure of 
occurrence of such motion is due to delay in operation. 


TABLE VIII 


TIME FROM ONSET SIZE OF TIME FROM 


NO. 

GROUP Pie si OF PNEUMONIA CAVITY OPERATION TO 
TO OPERATION (C.C.) DISCHARGE 
I | 15 20 days 313 25.2 days 
EE 18 31 days 315 31 days 


Group I. Motion active—15. 
Group II. Motion slight or absent—8. 


From the foregoing it is seen that, whereas adequate drainage is of 
primary importance, the rate of recovery is influenced by certain in- 
herent properties of the empyema. Experience has shown that drain- 
age is facilitated by permitting the patient to sit up in bed early and 
to become ambulatory as soon as possible. Adherence to this rule 
appears to have considerably accelerated recovery. In several instances 
attempts to promote lung re-expansion by special measure such as 
Wangensteen suction,’® bronchoscopic aspiration,’® and breathing ex- 
ercises were made. None of these measures were effectual. Some re- 
expansion was obtained with the method of Wangensteen when the 
apparatus was in place, but this was largely lost when it was removed. 


The data pertinent to the four chronic cases are given in Table IX. 
All of these cases had previously been drained by the open method 
with rib resection. Two of the patients had had two operations each. 
In every instance a disadvantageous site for drainage had been selected. 
In three the rib selected was too high, and in one, too low. In all, 
recovery followed the simple expedient of providing adequate and de- 
pendent drainage. Data referable to the problem of lung re-expansion 
makes two of these patients of particular interest. 


CASE 1.—An 8-year-old boy following a typical pneumonia developed pneumo- 
eoecic Type I empyema which was drained openly by resection of a segment of 
the eighth rib June 4, 1937, on the twenty-third day of his illness. Fever per- 
sisted, and another segment of the same rib was removed twelve days later. Fol- 
lowing the second operation the temperature became normal, the wound healed, 
and the patient was discharged from the hospital Aug. 2, 1937. Subsequently, an 
x-ray examination showed evidence of fluid; the wound remained healed, however, 
and the patient became ambulatory. He had an occasional rise of temperature, 
and the pulse rate was persistently elevated, but he did not appear ill. He was 
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TABLE LX 


SURGERY 


AGE 
(YEARS) 


DURATION 


PREVIOUS 
TREATMENT 


TREATMENT 
GIVEN 


PATHOLOGY 


INTERVAL 
SECONDARY 
OPERATION TO 
DISCHARGE 


4 


4 mo. 


Thoracotomy 
8th rib 


Thoracotomy 
8th rib 
12/13/36 
Thoracotomy 
7th rib 
3/16/37 
Thoracotomy 
9th rib 
10/15/37 


Huge cavity 
1,000 e.e, 


11% months 


16 mo. 


Thoracotomy 
3rd & 
8th ribs 


Thoracotomy 
3rd_ rib 
(packing) 


Shallow eav- 
ity. 15 
Bronchial 
fistula 


48 days 


10 mo. 


Thoracotomy 
8th rib 


Thoracotomy 
9th rib 


Cavity 300 ¢.e. 


31 days 


47 days 


Thoracotomy 
10th rib 


Thoracotomy 
9th rib 


Cavity 150 e.c. 


32 days 


Fig. 6.—Case 1. A 
encapsulated empyema 


Cavity obliterated. 


first seen April 


27, 


and B 
located posterolaterally. 


are air 


A. 


and lipiodol studies 


1938, almost ten months after his last operation. 


which 


yielded pus and after lipiodol study another thoracotomy was done. 
ation a section of the ninth rib was removed and a cavity of 300 ¢.c. was found. 
The parietal pleura was greatly thickened, and the visceral pleura was thickened 


to a lesser degree. 


There was no movement of the lung. 


demonstrate an 
C. Thirty-one days after operation. 


A thoracentesis 


At this oper- 


A wide thoracotomy was 
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made, and no drains were used. The patient was allowed out of bed the following 
day. Re-expansion occurred rapidly and was complete thirty-one days after opera- 
tion. Roentgenograms of this patient are demonstrated in Fig. 6. 


COMMENT 


In this patient failure to provide dependency of drainage was re- 
sponsible for chronicity. Despite healing of the wound and persistence 
of the infection there were few signs of toxemia. Cavity obliteration 


Fig. 6B. 


oceurred promptly despite a thick pleura following an adequate and 
properly placed thoracotomy. This and a number of similar observa- 
tions have led to the opinion that undue emphasis has been placed on 
thickening of the pleura as a cause of chronicity. 
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Because of its long duration and the unusual difficulties attendant 
to its cure a second ease history merits analysis. 


CasE 2.—Following pneumonia, a 6-month-old infant developed pneumococcic 
empyema. This was drained openly by resection of a segment of the eighth rib 
in April, 1934. A year later because of dyspnea, an x-ray examination was made, 
and this revealed complete opacity of the right side which was attributed to thick- 
ened pleura. The patient was dyspneic, underweight and had a poor appetite. Two 
years later he underwent a tonsillectomy performed under ether. Four months 
later when first seen he presented an empyema necessitatis at the site of the pre- 
vious thoracotomy. He was again drained openly by resection of a segment of the 
regenerated eighth rib. At operation on Dee, 13, 1936, the fluid was thin, brown- 
ish, nonpurulent in character and contained pneumococcus Type I. The diaphragm 


Fig. 6C. 


was depressed, and the drainage was not dependent, as shown in Fig. 7. Following 
operation re-expansion of the lung was incomplete and a second thoracotomy (seventh 
rib mid-axillary line) was done March 16, 1937. Subsequently, the cavity appeared 
to become obliterated; the wound healed; and the patient was discharged from the 
hospital. Several weeks later the thoracotomy reopened and a draining sinus 
persisted. On Oct. 15, 1937, another thoracotomy was done. At this operation a 
segment of the ninth rib was removed. This provided dependent drainage for a 
small residual pocket, and, following this, cavity obliteration occurred promptly. 
The patient remained well. 


COMMENT 


An absence of severe symptoms in chronic empyema is again illus- 
trated by this patient. Chronicity was caused by failure to provide 
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dependent drainage. This error was repeated and healing did not oe- 
eur until the proper rib (ninth) was resected. 


COMPLICATIONS AND MORTALITY 


The literature of empyema is replete with the assertion that empyema 
itself is rarely fatal and that the mortality rate is due to complications. 
While this is unquestionably true, the same may be said for almost any 
suppurative disease, and to dismiss the subject of mortality with this 
bald statement is hardly sufficient. It becomes necessary, therefore, to 
examine the origin of complications, and to differentiate, if possible, 
those which may fairly be attributed to the respiratory infection from 
those secondary to the empyema. Inasmuch as the same complication 


Fig. 7.—Case 2. A. Note large empyema and evidence of thickening of visceral 
and parietal pleura. The section of the eighth rib removed does not provide depend- 
ent drainage as evidenced by the fluid level. B. Roentgenogram taken three and a 
half years after the patient was cured, 


may arise from either cause,'* such a differentiation is difficult and may 
be impossible. In such an analysis it is desirable from the standpoint of 
avoiding the acceptance of a high mortality, to attribute all fatal com- 
plications to improper surgery unless otherwise proved. To be accept- 
able as a fatal complication attributable to the respiratory infection 
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rather than the empyema, three requirements appear necessary. First, 
the complication must be one which is commonly fatal in the absence 
of any other disease. Second, it must be manifest early before drainage 
can be safely undertaken. Third, if it occurs after operation, the latter 
must be shown to be adequate, the requirement of adequacy being that 
the cavity is responding favorably to treatment as evidenced by pro- 
gressive decrease in drainage and reduction in size. 


Fig. TB. 


It is our impression that, if data relative to these three criteria are 
lacking, no accurate evaluation of the cause of mortality is possible. For 
this reason attempts at an analysis of results in terms of the method of 
treatment used are fraught with numerous difficulties and sources of 
inaccuracies. A low rate of chronicity and mortality demands accept- 
ance of any method of treatment. Failure to obtain such results, how- 
ever, may be due either to the virulence of the organism or to the method 
of treatment used. Frequently inept application rather than the method 
itself is at fault. 

The universally high mortality together with the delayed healing and 
percentage of failures reported by those’ using aspiration alone seems 
to place this method in the category of one that is undesirable. An easy 
choice between open and closed drainage, however, is not permitted by 
statistical studies. Large series of cases treated by each method have 
been reported in which good results were obtained. If one accepts a low 
mortality rate (below 5 per cent) as the single criterion of superiority 
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of method, numerous series!’ '* 1% !° of sufficient size to be impressive 
may be found to support the use of either. One observation applies 
frequently to articles written by advocates of both methods. This is 
the frequency with which the authors report improved results in recent 
as compared with earlier cases in their series. Such improvement is 
attributed, in the main, to minor technical changes in the operation or 
postoperative management and suggests that experience and meticulous 
attention to the details of treatment are of more importance than the 
method itself. This appears particularly true of advocates for closed 
drainage. These writers often stress the importance of expert nursing 
and house staff attendance and are even concerned with such details as 
the type of catheter’ 1° used and the number of openings?” ?! it should 
have. In general, it appears that among proponents of special methods 
of treatment, there is an unsurgical element of ‘‘pride and prejudice’’ 
eolored with a physiologic rather than a surgical point of view. <A 
critical study of such methods fails to demonstrate convincing evidence 
of their superiority over open drainage. All such ‘‘improvements,’’ 
moreover, add greatly to the labor of management and usually increase 
the morbidity of the disease. 


The one death in our group oceurred in a 7-year-old patient who had 
hemolytic streptococcie empyema. This patient had made a good re- 
sponse to operation. Dyspnea and eyanosis occurred suddenly forty- 
eight hours later and were followed by death in a few minutes. No 
autopsy was obtained; the cause of death appeared to be pulmonary 
embolism. 

Despite the fact that thirty-five of our thirty-nine patients presented 
some complication before operation, additional postoperative complica- 
tions occurred in only three instances. These were septic arthritis and 
metastatie abscesses in one, metastatic abscess in another, and furunculo- 
sis of the external auditory canal in a third. All made complete 
recoveries. 


SUMMARY AND CONCLUSIONS 


The general outline of treatment described has been used in all types 
of pyogenic empyema in patients whose age ranges from 6 months to 80 
years. In addition to the postpneumonie types these include empyemas 
secondary to pneumonectomy, lobectomy, and putrid lung abscess. Re- 
gardless of age, bacteriology, complications, or any other consideration, 
there has not been a single instance of fatality or even respiratory 
embarrassment which could be fairly attributed to the method. 
Our results indicate the desirability of : 


(1) Energetic supportive measures before operation. 


(2) Substitution of duration of the disease for the criterion of ‘‘thick 
pus’’ in the timing of the operation. 


bc: 

‘ 
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(3) Drainage by a wide dependent thoracotomy within three weeks 

after the onset of the pneumonia. 

A preoperative roentgenologic method of outlining the empyema cavity 
which greatly facilitates the selection of the most advantageous site for 
drainage has been described. 

Failure of development of untoward symptoms in the absence of ‘‘ad- 
hesions which encapsulate the pus’’ has led to the conclusion that this 
much emphasized and reiterated ‘‘requirement”’ is neither necessary nor 
desirable. 

A study of the rate of recovery and causes for chronicity indicates 
that operative treatment should be planned to perform no function other 
than adequate drainage. Inherent properties of empyema which ac- 
celerate or delay recovery have been analyzed, and the necessity for 
secondary operations in certain types is indicated. 

The origin of complications has been examined, and the view is ad- 
vaneea that delayed or ineffectual drainage is of primary importance 
in their production. 

The operation described has not resulted in a single instance of 
chronicity in the acute empyemas treated and has been uniformly suc- 
cessful in the cure of those first seen in a chronic stage. 


Since the submission of this article two additional patients have been operated 
upon. Both made uneventful recoveries, 
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A METHOD OF PREVENTING PERFORATION IN 
ESOPHAGOSCOPY 


Minton 8. Luoyp, M.D., New York, N. Y. 


 jeernniera perforation of the esophagus is a danger recognized 
and admitted by all who are required in their daily practice to make 
examinations of this passage. 

It is not necessary to elaborate upon the anatomy or physiology of 
the esophagus which render it particularly liable to perforation. This 
information is already available in standard textbooks. Neither is it 
necessary to present in detail the technique for esophagoseopy, which is, 
likewise, available in excellent textbooks on the subject of endoscopy. 

It is sufficient to divide the problem into two parts: the first deals 
with avoidable and the second with unavoidable perforations of the 
esophagus. Avoidable perforations may occur at any location, but prin- 
cipally below the level of the cervical constriction. They are due to 
rough handling of instruments or to bad judgment in respect to friability 
or thickness of the esophageal wall. Unavoidable perforations oceur at 
the level of the cervical constriction and are due to one or a combination 
of the following circumstances: 

a. Anterior curvature of the cervieal vertebral column. 

b. Weakness of the posterior esophageal wall. (In sixteen cases 

examined, it measured approximately 1 mm. at the level of 
the cricoid cartilage.) 

e. The posterior mediastinal space lies immediately behind this 

membrane. 
d. The fact that the anterior wall is movable with the larynx and 
the posterior wall is fixed. 

e. The cireular fibers combining to form what has been called the 
ericopharyngeus muscle fit over the esophagus at this point like 
a horseshoe with the open segment posterior and attached to 
the ligamentous structures in front of the vertebral bodies. 

f. This muscle under reflex control, maintains closure of the 

upper esophageal aperture. Its normal state is closed and re- 
laxation or tightening is not under voluntary control. 


Esophagoscopy is, usually, a simple procedure, but, in the presence of 
spasm of the cricopharyngeus muscle or rugae of the posterior esophageal 
wall, or both, it may be very dangerous. The principal source of danger 
lies in the fact that its causes are not under the operator’s control. A 
fold of mucous membrane may ride over the beveled tip of the esophago- 
scope and prevent the instrument from descending. At the same time, 
it carries the tube up and down with each act of swallowing. In this 
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way, repeated reflex muscular action may cause the instrument to cut 
through the posterior wall without the exertion of undue pressure and, 
in fact, without the operator’s knowledge that any untoward incident 
has developed. Several attempts to cireumvent this difficulty have been 
made, including alterations in the technique, increase in preoperative 
medication, and even the substitution of general, for local, anesthesia. 
None of these devices is likely to be successful, because the danger does 
not derive from faulty technique; reflex muscular action is not sus- 
ceptible to drug therapy unless dangerous dosage is used; and general 
anesthesia cannot be repeated as frequently as is necessary for the treat- 
ment of certain esophageal conditions. 

I wish, therefore, to present an appliance which may be used to pass 
the cricopharyngeus muscle with safety if the upper end of the esophagus 
is free of disease. It consists of a rubber sheath which is mounted on the 
esophagoseope and is so arranged that the beveled end is enclosed by a 
protective cover which projects beyond the tip a distance of about two 
inches as a flattened, flexible guide. The upper end of this sheath is 
opened longitudinally in its anterior aspect. In the upper two-thirds, 
it completely encases the esophagoscope, while in the lower third, it is 
cut backward so as to leave only a narrow strip posteriorly. 

In use, the throat is prepared in the usual way with a local anesthetic. 
The usual technique for esophagoscopy is followed. The flexible tip 
guides the esophagoscope into the esophageal lumen and the protecting 
cover prevents the end of the tube from being arrested by the mucous 
membrane. It also prevents the margins of the tube from cutting into 
the mucous membrane as it passes by. It is easy to sense the moment 
when the tip of the instrument passes the cricopharyngeus muscle. At 
this point, insertion of the instrument is stopped. The upper portion 
of the rubber sheath is removed from the esophagoscope, outside the 
mouth, and drawn toward the patient’s left. The esophagoscope is then 
rotated about one-half turn contraclockwise. This frees the sheath from 
the tip of the tube inside the esophagus. The rubber casing is then with- 
drawn, leaving the esophagoscope in situ. In Fig. 1, A and B show a 
7 mm., 45 em. Jackson-type esophagoscope and the rubber sheath not 
mounted. Fig. 2 shows the same instrument with the sheath mounted 
and ready for use. Fig. 3 shows the upper part of the sheath removed 
in the first stage of the act of stripping after passage of the tube. 

This device is not intended to be used routinely, but, under certain 
circumstances is very useful. I have used it with satisfaction in a num- 
ber of cases in which an esophagoscopy would have been extremely 
dangerous unless carried out under profound general anesthesia. The 
following eases are illustrative. 

Case 1.—R. D., a white male, 28 years of age, was first seen Oct. 4, 1940, with 
a history of swallowing caustic soda instead of mineral water, as a result of mistaken 


identity of bottles, seven weeks previously. No evidence of attempted suicide was 
found in the history. X-ray examination showed an irregular narrowing of the 
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esophagus in the upper half with a moderate dilatation immediately below the 
larynx. Esophagoscopy was first carried out on Oct. 5, 1940. Preoperative medica- 
tion was given, sodium amytal, 3 gr. three hours preoperative; morphine sulfate, 
% gr.; atropine sulfate, 1459 gr. one hour preoperative. He was prepared with 10 
per cent cocaine anesthesia. A marked spasm of the constrictor pharyngeus muscle 
was found. Superficial ulceration of the mucous membrane was present even at this 
level and the mucous membrane on the posterior wall responded to instrumental 
trauma with immediate cyanosis and edema. The procedure was, obviously, fraught 
with great danger. The lumen of the esophagus, however, was found and a No. 18 
French dilator was passed with slight trauma over the moro deeply ulcerated lower 
areas. Following the procedure, the patient complained of pain in the throat and 


Fig. 1.—Standard Jackson-type esophagoscope with protective sheath not mounted. 


Fig. 2.—Esophagoscope with sheath mounted and ready for use. 


Fig. 3.—The sheath partly removed from the esophagoscope in the first part of the act 
of stripping after passing the cricopharyngeus muscle. 


pain inside the right ear (vagus reflex). Weekly dilatations were necessary to 
maintain a lumen, but, in spite of increased preoperative medication, each experi- 
ence became more difficult and more dangerous. Eventually, on Feb. 19, 1941, in 
spite of a preoperative medication of sodium amytal, 3 gr., three hours preoperative ; 
morphine sulfate, %4 gr.; hyoseyamus hydrobromide, 59 gr., one hour preoperative, 
and morphine sulfate, 4 gr., repeated forty minutes preoperative, it was necessary 
to abandon the procedure, due to muscular spasm and the apprehensiveness of the 
patient, which brought about a very real danger of perforation. 

On February 21, the sheathed esophagoscope was used, with a preoperative medica- 
tion of only morphine sulfate, %4 gr. and atropine sulfate, 459 gr. The instrument 
was passed easily, in spite of spasm of the constrictor muscle. Following the ex- 
amination, the patient stated that his discomfort was much less than on previous occa- 
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sions and asked that the same method should be used for subsequent treatments. 
This method was continued at an average interval of ten days until Nov. 10, 1941, 
at which time it was found possible to pass the unprotected esophagoscope without 
difficulty, due to the decreased apprehensiveness and increased confidence of the 
patient. 


CasE 2.—J. W., a white male, 52 years of age, was first seen Sept. 4, 1941. 
The patient complained of dysphagia and pain in the back; he had also suffered from 
severe asthmatic attacks for over twenty years. Physical examination revealed 
nothing of diagnostic importance except in relation to the asthma, which was 
severe. X-rays demonstrated an esophageal obstruction at the level of the eighth 
dorsal vertebra. Greatly worried for fear of smothering during the procedure, he 
was admitted to the hospital for esophagoscopy on September 11. He was given 3 gr. 
of nembutal at 9 P.M. and, on the following morning, 4 gr. morphine sulfate and 
Ys59 gr. atropine sulfate one hour preoperative. Local anesthesia with 10 per cent 
cocaine was used. In attempting to pass the esophagoscope, the instrument was 
arrested by a spastic closure at the lower border of the constrictor pharyngeus 
muscle, The danger of perforation was recognized and the instrument held in situ 
without pressure to await relaxation. Both the patient’s nervousness and the spasm, 
however, appeared to increase and swallowing was frequently repeated. At the end 
of about two or three minutes, a break in the surface of the mucous membrane was 
observed. The instrument was withdrawn and the patient expectorated about two 
ounces of blood. Following the procedure, he complained of soreness in the throat 
and stated that he was sure the examination could not be carried out. A week was 
allowed for the throat to heal and, on September 19, a second attempt was made with 
the sheathed esophagoscope. The same preoperative medication was given and the 
patient appeared in the operating room with increased apprehensiveness. However, 
the instrument was passed very easily, in spite of spasm of the inferior constrictor 


muscle. A biopsy was made which confirmed the suspicion of carcinoma of the 
esophagus. Following the procedure, the patient stated that the discomfort to him 
was much less and agreed that, if necessary, he would go through it again. He has 
since been examined twice; the last time, the sheath was not used, but, due to 
increased confidence of the patient, no difficulty was encountered. 
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SPINAL ANESTHESIA IN THORACOPLASTY 


V. D. Scoarrner, M.D., AND E. M. Founp, M.D. 
KENTVILLE, N., S. 


T THE 1937 meeting of the American Association of Thoracic Sur- 
geons, held at Saranae Lake, a brief paper was presented by Gurd, 
Vineberg, and Bourne on the use of spinal anesthesia in thoracoplasty 
operations. At that time they had performed only seventeen operations 
under spinal anesthesia, but expressed satisfaction with its use. Since 
then further experiences with spinal anesthesia in thoracoplasty have 
not been reported to the Association. 

At the Nova Scotia Sanatorium we began to use spinal anesthesia for 
thoracoplasty in the latter months of 1938, and from then until the end 
of 1941 it was employed approximately 350 times. This paper contains 
a report on 335 consecutive cases. We have been so satisfied with its 
use that, at the present, it is the anesthetic of choice in practically all 
cases. 

The ideal anesthetic for chest surgery should fulfill the following re- 
quirements : 

1. It should abolish all pain or discomfort. 

2. Shock should be minimized. 

3. It should allow quiet breathing. 

4. It should permit complete oxygenation of the blood. 

5. It should permit the maintenance of the cough reflex. 

6. It should cause the least possible interference with the cardiorespiratory 


function. 
7. It should be accompanied with a minimum of immediate dangers. 
. It should be followed by a minimum of postoperative complications, 


It is our opinion that, when properly administered, spinal anesthesia 
fulfills these requirements more closely than any other type of anes- 
thetic we have used. Anesthesia is complete and there is no doubt in 
our minds that postoperative shock is ever so much more rare. The 
breathing is quiet and the pulse steady and cf a good volume. Serious 
drops of blood pressure have rarely occurred. The blood remains com- 
pletely oxygenated and cyanosis is seldom seen. The cough reflex is 
active throughout the operation, and the patient is able to expectorate 
secretions as the need arises, resulting in a minimum of contralateral 
bronchial spreads. It would appear from the analysis given below that 
the immediate and late postoperative complications are few. 

In an endeavor to become familiar with the recorded objections of 
spinal anesthesia in general surgery, we have reviewed the literature 
From the Nova Scotia Sanatorium. 
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from 1935 to 1941. On the whole, the majority of writers have expressed 
satisfaction with its use, but a rather large number of dangers and com- 
plications are recorded, the chief of which are: (1) Immediate collapse 
and death due to central respiratory failure, (2) serious falls in blood 
pressure, (3) paraplegia, (4) encephalitis, (5) radicular neuralgia, and 
(6) prolonged or permanent paralysis of the bladder. Such serious 
complications, if they oceur frequently, would, of course, constitute 
serious objection to the use of spinal anesthesia, but from the review of 
the literature it would appear that such is not the ease. The tables below 
indicate the percentage of each occurring in our own series of cases. 
It would appear that serious bladder complications and paraplegias have 
occurred where hyperbaric solutions have been used. In all our cases we 
have used a hypobarie solution, namely nupereaine, 1 :1500. 


In reviewing the literature, it would appear that none of the above 
mentioned serious complications have occurred with greater frequency 
than have equally serious ones with other types of anesthesia. In par- 
ticular, a rather large number of cases are reported in which cortical 
damage has been extensive following the use of nitrous oxide oxygen or 
cyclopropane anesthesia. 

The recorded mortality rate following spinal anesthesia varies greatly. 
North records four deaths in 1,764 spinal anesthesias, or a rate of 0.907 
per cent. From reading his paper one gets the impression that this 
type of anesthesia was used only in the poorer risk class, which may 
account for his relatively high mortality. Lehman, Risher and Bippus 
report an anesthetic mortality rate of 0.028 per cent in 3,539 spinal 
anesthetics. 

In our own series of cases the following thoracoplasty stages and oper- 
ations were performed, as given in Table I. 


TABLE I 


THORACOPLASTY STAGES AND OPERATIONS 


TYPE NUMBER 
‘First 115 
Second 115 
Third 72 
Fourth 14 
Revision 
Schede 
Thoracotomy 
Extrapleural pneumothorax 


Total 


Preoperative Preparation.—A few days prior to operation a complete 
blood picture including the sedimentation rate, a thorough heart exami- 
nation, the vital capacity, and venous pressure are carried out on the pa- 
tient. A systolic blood pressure of 95 mm. of mercury, or less, is con- 
sidered a contraindication for high spinal anesthesia. In two such eases 
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when we considered it imperative that the patient be able to expectorate 
during the operation a regimen of cortate* along with a course of intra- 
venous glucose-saline solution and a prescribed diet were given a week 
prior to operation with the result that the systolic pressure was elevated 
from 90 to 110 mm. of mereury. 

Routinely, all patients receive 50 Gm. of glucose twice, the day before 
operation. Nembutal (gr., 114) is given at bedtime. If the patient is 
known to expectorate a large quantity of sputum, some expectorant 
(that is, resyl tabletst) is given for two days before the operation and 
the patient is instructed to ‘‘raise’’ as much sputum as possible before 
the premedication is given on the morning of operation. For this reason 
we quite frequently postpone operation in such eases until almost 
noonday. 

There is little doubt of the advisability of giving sedatives before the 
administration of any spinal anesthetic. This is desirable to dispel 
fear, produce drowsiness, and establish amnesia. As a preliminary 
sedative it is our custom to give nembutal, 114 er., one and one-half 
hours before operation and morphine, 14 gr., with hyoscine, 459 gr., 
one hour before operation. Often, if necessary, morphine, % or 1% 2r., 
is repeated just before the patient enters the operating room. 

Technique.—The technique described by Etherington Wilson of Tor- 
quay, Eng., with certain modifications is used in all eases. 

The patient is supported sitting upright. Nupereaineft (1:1500) is 
employed as an anesthetic agent. Nupereaine (1:1500) is hypobarie 
with a specific gravity of 1.003, while the specifie gravity of spinal fluid 
is about 1.006. We believe that it is most important that trauma to the 
spinal canal be reduced to a minimum, consequently, following the injec- 
tion of ephedrine and novoeain, a small lumbar puncture needle (No. 20 
gauge) is introduced in the second or third lumbar interspace, and the 
solution is injected slowly without barbotage. Depending on the length 
of the spine (that is from the interiliae line to the seventh cervical spine) 
15 to 17 «ec. of warm nupereaine solution (1:1500) is injected; at the 
completion of the injection the patient remains in the sitting position for 
from twenty-five to thirty-five seconds. At the end of the allotted num- 
ber of seconds, which has been previously reckoned to reach the proper 
zone, the upright position is quickly changed to that of reeumbeney and 
about a ten-degree Trendelenburg position is given, for two to three 
minutes, then if the patient’s condition remains good, the operating table 
is flattened. The patient remains on his back for some five to eight 
minutes and is then placed on his side or whatever position is required 
for the operation. By the time the usual drapes have been applied 
the patient is anesthetized, and the surgeon may proceed with the opera- 
tion. During the operation the patient is given about a ten-degree Tren- 


*Schering and Glatz, Inc. 
~Ciba Pharmaceutical Products, Inc. 
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delenburg position, unless there is a fall in blood pressure, when it is 
inereased to twenty degrees plus. 

The following table illustrates the dosage of nupereaine (1:1500) and 
the setting-up time required to anesthetize the various zones of the 
thorax. The solution is injected at an even rate and without force, the 
injection time being seventeen to eighteen seconds (Table II). ~ 


TABLE II 


TO THE FIRST TO THE FOURTH | TO THE SIXTH | TO THE EIGHTH 
LENGTH | pORSAL VERTEBRA | DORSAL VERTEBRA| DORSAL VERTEBRA| DORSAL VERTEBRA 


AMOUNT AMOUNT I AMOUNT AMOUNT 


Course During Operation.—By the time the patient has been postured 
for operation, the skin antiseptic and drapes applied, he is usually very 
calm, will answer questions intelligently, and cooperate with the anes- 
thetist in every way. If, however, apprehension is apparent, a few in- 
halations of nitrous oxide and oxygen are given immediately before the 
incision is made. By so doing, we have learned that ‘‘mental trauma”’ 


is greatly reduced. By the time the surgeon reaches the ribs the patient 
is usually partially awake and during the rest of the operation frequent 
inhalations of oxygen are given. Occasionally, however, in very nervous 
individuals a very light nitrous oxide and oxygen mixture is adminis- 
tered throughout the operation. Respirations are usually slow due to 
the premedication, but are rarely shallow. Because of the administra- 
tion of either light nitrous oxide and oxygen or straight oxygen, the 
patient is usually of a good color. The pulse rate varies but is usually 
regular. A minor fall in blood pressure occurs rather frequently, but 
to date, all cases have responded to the usual measures (for example, 
lowering the head of the table, or administering ephedrine), and it 
has not been necessary to interrupt the surgeon. Due to falls in blood 
pressure it has been necessary in seven of our cases or 2.1 per cent, to 
administer hypertonic saline immediately following the patient’s re- 
turn to his room. The response to this simple measure has been satis- 
factory. Because the systolic blood pressure of patients under high 
spinal anesthetic varies from 70 to 100 mg. of mercury, bleeding during 
the operation is greatly diminished. Paradoxical respiration is never 
troublesome. Indeed, we have learned that it is difficult to estimate the 
degree of actual paradoxical breathing due to the quiet respiratory move- 
ments of the chest when the patient is under spinal anesthesia. Conse- 
quently, it is our custom to administer nitrous oxide and oxygen for a 
few minutes following the removal of the ribs, thus purposely increas- 


GN) | (ec) | (sec) | | (sec.) | (cc.) | (sec.) | (c.c.) | (sEc.) 
22 17 35 17 32 16 30 15 28 
21 16 34 16 32 15 30 15 28 
20 16 33 16 32 15 30 15 27 
19 16 32 16 30 15 28 15 27 
18 16 30 16 28 15 27 15 26 
17 16 28 16 27 15 26 15 25 
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ing the respiratory movements of the chest in order to aid the surgeon 
in deciding whether or not more ribs may be removed safely without 
impeding the patient’s postoperative course. 

Immediate Postoperative Stale-——By the time the patient returns to 
his room he is quite awake and most cooperative, and often expresses 
himself as being very comfortable. At this time the systolic blood pres- 
sure usually varies from 70 to 90 mg. of mercury. Occasionally, there 
_ are manifestations of mild shock. In three of our cases, or 0.8 per cent, 
shock was moderately severe. 

If there is sputum lodged in the trachea the patient will expectorate 
when encouraged and supported by the doctor or nurse. Immediate post- 
operative pain is minimized for many hours following the operation, and 
then it is easily controlled with small doses of morphine. 

A relatively large proportion of patients are nauseated and vomit at 
periods for twenty-four hours postoperatively. This proportion, how- 
ever, has not been greater than has occurred when avertin and nitrous 
oxide and oxygen or cyclopropane have been used. Prolonged vomiting 
(that is, three days postoperatively) occurred in only seven of our eases, 
or 2.1 per cent. 

Postoperative Care.—At the end of the operation, strychnine, 4 gr., 
is given hypodermiecally, to alleviate the decreased muscle tone. In ae- 
cordance with Yandell Henderson’s teaching, strychnine was repeated 
every four hours for three doses, when we first started giving high spinal 
anesthetics, but it was noted that a few patients became rather irritable 
following the second dose, consequently, since January, 1939, only one 
dose of strychnine has been administered. 

The patient is quietly transferred from the operating table to his bed, 
the foot of which has been raised previously about fourteen inches from 
the floor. In the room, oxygen is given intranasally at the rate of 2 L. 
per hour. This is continued to from two to six hours postoperatively, 
and as required thereafter. The patient is placed on his back unless 
paradoxical breathing is troublesome, in which ease he is postured on 
his operative side. Saline, 10 ounces, to which black coffee, 2 ounces, 
has been added is given per rectum immediately, and saline, 10 ounces, 
is repeated every six hours for two more instillations. Although we do 
not administer glucose-saline solution intravenously routinely, any of 
our patients who are not able to retain fluids by mouth during the four 
to six hours immediately following their operation are given 1,000 c.e. of 
glucose-saline solution, 10 per cent. We consider it very important that 
the patient’s fluid intake during the first twenty-four hours postopera- 
tively be in the vicinity of 2,500 c¢.c. 

The foot of the bed is lowered twelve hours after the operation and the 
following morning the patient is permitted a small pillow. He is allowed 
to sit up in bed forty-eight hours following the operation. 
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Complications. — 
Neurogenic Dysfunction: 


Immediate vomiting (that is, during the operation) occurred in seven 
eases, or 2.1 per cent. This, however, is usually controlled by encourag- 
ing the patient to breathe deeply with his mouth open; if this, is not 
successful, a few inhalations of nitrous oxide and oxygen (dilute mix- 
ture) will control the vomiting. Mild vomiting (that is, twenty-four 
hours postoperatively) is usually controlled by the administration of 
glucose-saline solution intravencisly and by substituting codeine and 
nembutal for morphine. We have observed that mild vomiting is less 
troublesome when a spinal anesthesia is employed than in the other 
types of anesthesia. Prolonged vomiting (that is, three days post- 
operatively) occurred in only seven eases or 2.1 per cent. In every 
case the patient responded to the usual measures employed to counter- 
act postoperative vomiting, and this complication has never been 
alarming. 

Immediate retention of urine (that is, twenty-four hours postopera- 
tively) occurred in thirty-eight cases, or 11.1 per cent, nearly all being 
male patients; however, this complication was just as common when 
avertin, gas, and oxygen were employed. Moderately prolonged reten- 
tion of urine (that is, three days postoperatively) occurred in two eases, 
or 0.6 per cent, every case responding to forced fluids both orally and 
intravenously and all voided normally when they were permitted to 
sit up in bed. 

Minor headache (that is, a mild headache lasting two days post- 
operatively) occurred in twelve cases, or 3.6 per cent. Here the treat- 
ment consisted of keeping the patient’s head low and avoiding turning 
as much as possible. Major headache (that is, severe headache lasting 
six days postoperatively) occurred in three cases, or 0.8 per cent. In 
these cases the frontal and occipital pain was so severe that nausea 
and vomiting occurred. Here the treatment consisted of intravenous 
glucose-saline solution up to about 2,000 ¢.c. daily, the administration 
of pituitrin, 14 ¢.c. every thirty minutes for four doses each day, and 
keeping the patient’s head low even while he is being washed and fed. 

Radicular neuralgia occurred in three cases, or 0.8 per cent. 

Respiratory Disturbances.——Cyanosis was never a disturbing factor 
in any case, and all cases responded to inhalations of oxygen 0: carbon 
dioxide and oxygen if necessary. 

Shallow respirations were observed in eighteen cases or 5.4 per cent. 
These were treated with coramine, one ampule (1.7 ¢.c.) being given 
every fifteen minutes for three doses. If necessary, a mixture of car- 
bon dioxide and oxygen was given. 

Irregular respirations were observed in three cases, or 0.8 per cent. 
These were presumed to be due to nervousness or the surgeon’s manipu- 
lation ; a few inhalations of nitrous oxide and oxygen usually remedied 
this condition, 
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TABLE IIT 


NUMBER 
COMPLICATIONS OF CASES PER CENT 


I. Neurogenic Dysfunction 
1, Nausea and vomiting 
Immediate (during operation) 
Mild (24 hours postoperatively) 
Prolonged (3 days postoperatively) 
2. Immediate retention of urine 
(24 hours postoperatively) 
3. Prolonged retention of urine 
(3 days postoperatively) 
4, Headache, minor (2 days postoperatively) 
5. Headache, major (6 days postoperatively) 
6 
8 
9 


bo 

bo anor 


S 


. Radicular neuralgia 
. Ocular paralysis 
. Mental confusions 
9. Aseptic meningitis 
10. Injury to the cauda equina 
11. Paraplegia 
12. Transverse myelitis 
II. Respiratory Disturbances 
1. Cyanosis, mild 
2. Shallow respirations 
3. Irregular respirations 
4. Apnea 
III. Cardiovascular Disturbances 
1. Minor fall in blood pressure 55 
. Serious fall in blood pressure 7 
4 
13 


ROR 


coun 

are 


= 


. Pallor 
. Diminished pulse volume 
. Shock, mild 11 
. Shock, severe 3 
IV. Spread of Disease 
1. Postoperative, bronchogenic spread 8 
2. Postoperative, pre-existing disease 2 
3 
0 


DO 


Da 


3. Postoperative, atelectasis 
V. Deaths 


Cardiovascular Disturbances.—Minor fall in blood pressure occurred 
in fifty-five cases, or 16.5 per cent. Here, constant vigilance on the 
part of the anesthetist can often prevent a serious fall. Circulatory 
depression is one of the commonest complications of spinal anesthesia, 
and it is of the greatest importance that treatment be instituted before 
a serious fall in blood pressure occurs. Before the systolic pressure 
falls to 60 to 70 mg. of mercury, restorative measures should be taken. 
The patient should be tilted into a Trendelenburg position of twenty-five 
to thirty degrees. Ephedrine, 14 gr., should be given subcutaneously 
oceasionally followed by pitressin, ten minims. This usually prevents an 
extreme fall in blood pressure with the untoward signs of circulatory 
depression. If the patient does not respond to the above measures, he 
should be given 150 ¢.c. of hypertonic saline intravenously, followed by 
500 to 750 ¢.e. of glucose-saline solution, 5 per cent. Only seven eases, 
or 2.1 per cent, required the entire treatment mentioned above. In three 
eases, or 0.8 per cent, blood transfusion was required on account of blood 
loss and shock. We have found that blood transfusion is actually needed 


infrequently. 
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Spread of Disease—Postoperative spread in the contralateral lung 
occurred in eight cases, or 2.4 per cent. This figure is somewhat lower 
than when avertin and gas and oxygen were administered for all thoraco- 
plasties. Postoperative spread of pre-existing disease occurred in two 
cases, or 0.6 per cent. The literature published on nupereaine anes- 
thesia during the past three years has stressed a fairly high percentage 
of cases complicated by atelectasis of one or more lobes of the lung, con- 
sequently we have been on the alert to guard against mucus or sputum 
collecting in the bronchi by encouraging the patient to expectorate on 
the operating table or using the suction apparatus. If respirations be- 
came too shallow, a mixture of carbon dioxide and oxygen was given to 
stimulate deeper respirations. To date, postoperative atelectasis has 
occurred in three eases, or 0.8 per cent. 

Deaths—To date there have been no anesthetic deaths (350 cases) 
under high spinal anesthesia. The complications oceurring in 335 con- 
secutive high spinal anesthetics for thoracoplasty are tabulated in 
Table ITI. 

SUMMARY 


1. The opinion is expressed that spinal anesthesia more closely ful- 
fills the requirements of the ‘‘ideal’’ anesthetic for thoracoplasty than 


other forms in use today. 
2. A preoperative preparation and administrative technique is 


suggested. 
3. The complications occurring in a series of 335 consecutive cases 


are analyzed and tabulated. 
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BLOOD LOSS IN THORACIC OPERATIONS 


M. L. Wuirr, Jr., M.D., ANp Ropert W. Buxton, M.D. 
ANN MIcH. 


PPLICATION of a sound knowledge of the physiology of the thorax 
during the operative and postoperative periods has had an im- 
portant influence in making modern thoracic surgery possible. There 
is, however, an inclination to attribute practically all postoperative 
difficulties to the physiologic alterations that have occurred within the 
chest. While paying scrupulous attention to these physiologic altera- 
tions, many thoracic surgeons probably underestimate the loss of blood 
in major thoracic operations and the effect of this blood loss upon the 
patient. 

In order to determine the actual amount of blood lost during major 
thoracic operations, 108 such operations have been studied. The re- 
sults indicate that the factor of blood loss is large and that its restora- 
tion must be considered in the routine of operative and postoperative 
replacement therapy. 

The method utilized in this study was one which entailed the actual 
recovery of all blood, extracted in distilled water, from linens and in- 
struments employed in the operation. A measured portion, 9 ¢.c., of 
this solution, the unknown, was converted to acid hematin by adding 
1 e.e. of N HCl. This was compared colorimetrically with a standard 
consisting of 1 ¢.c. of the patient’s preoperative venous blood converted 
to acid hematin by the addition of 9 ¢.c. of N/10 HCl. The following 
formula was used: 
Amount of blood lost = 


Vol. to which unknown is diluted Reading standard 
Vol. to which standard is diluted * Reading unknown 


x Dilution factor 


The procedure outlined above is a gross one and admits a large factor 
of error. In an attempt to determine this error several control runs 
were made, using a known quantity of blood under circumstances similar 
to those in the operation room. An error of minus 13 per cent to 14.6 
per cent was found. This is undoubtedly due to loss of hemoglobin 
retained in the large quantity of linens washed. In the computation of 
the final blood loss given in the following tables, this error is no in- 
eluded. Actual blood loss therefore would be 13 to 14.6 per cent greater 


than the figures given. 


From the Department of Surgery, University of Michigan, Ann Arbor. 
Received for publication, April 27, 1942. 
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This study is concerned chiefly with the blood loss from the operation 
of thoracoplasty for pulmonary tuberculosis. In addition, figures are 
given for various operations for nontuberculous diseases. 


THORACOPLASTY 


The thoracoplasty stages are usually done in this clinic at twenty-one 
day intervals. A long parascapular incision is employed for the postero- 
lateral stages, and the complementary anterior stages are carried out 
through a paramammary incision. As a rule two ribs (at most three in 
patients with extensive pleural fibrosis) are removed at each stage. Ver- 
tebral transverse processes are completely resected. Cyclopropane was 
the anesthetic agent in all instances. 

Investigations were made in twenty-eight patients with pulmonary 
tuberculosis for whom eighty-two thoracoplasty stages were done. All 
the stages of many of these patients were studied, but some (who were 
chosen at random) were studied after one or more stages of their thoraco- 
plasties had been completed before the beginning of this investigation. 
All were chosen without regard to the extent of their disease or their size. 

Table I gives the average blood loss findings for posterolateral and 
anterior stages with the maximum and minimum loss figures for each. 
These figures indicate the losses in patients for whom thoracoplasties 
were done for parenchymal disease alone. In addition, one patient was 
studied during a two-staged revision thoracoplasty. The loss figures 
for extrapleural pneumonolyses (extrapleural pneumothorax or paraffin 
plumbage) vary somewhat in proportion to the extent and difficulty of 
extrapleural dissection. 


TABLE I 


THORACOPLASTIES FOR PULMONARY TUBERCULOSIS 


A AVERAGE MAXIMUM MINIMUM 
OF STAGES BLOOD LOSS BLOOD LOSS BLOOD LOSS 
PATIENTS (0.¢.) (C.C.) (C.C.) 
13 1st 699.7 1,183.1 305.2 
13 2nd 773.0 1,137.6 530.7 
16 3rd 714.8 1,009.5 426.2 
10 4th 529.6 672.8 358.6* 
3 5th 495.4 815.4 258.7 
1 6th 792.5 
aa Ant. 562.0 1,000.2 283.8 
Revision Thoracoplasty 
1 1st 1,009.4 
2nd 952.8 
Extrapleural Pneumonolyses 
3 | | 255.7 | 481.7 | 97.1 


*One rib only. 


A considerably greater average loss has been noted in all postero- 
lateral thoracoplasty stages done for pure tuberculous empyema. 
Thus, there was a 36.7 per cent increase in blood loss in first stage 
thoracoplasties, and in second stages, a 26.3 per cent greater loss. In 
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third and fourth stages there were a 9.3 per cent and a 19.9 per cent 
increase, respectively. An explanation for this increased loss is found 
in the highly vascular, chronically inflamed costal periosteum which 
bleeds freely while being separated from the ribs. The losses by stages 
are given in Table II. 


TABLE IT 


THORACOPLASTY FOR TUBERCULOUS EMPYEMA 


NO. AVERAGE MAXIMUM MINIMUM 

OF STAGES BLOOD LOSS BLOOD LOSS BLOOD LOSS 
PATIENTS (0.0.) (C:0.) (C.0;) 

3 1st 1,106.7 1,185.9 1,005.5 

2 2nd 1,050.0 1,284.8 815.3 

4 3rd 787.1 1,042.6 265.0* 

2 4th 661.6 814.1 509.1 

3 Ant. 411.3 477.1 329.6 


*One rib only. 


LOBECTOMY 


Lobectomy operations for ten patients with unilateral bronchiectasis 
were studied. In four of these the bronchiectasis involved only the lower 
lobe. In six, the disease involved the lower and middle lobes on the 
right, or the lower lobe and the lingula on the left. 

The marked variation in the results listed in Table III is due to dif- 
ferences in the vascularity of the thoracic wall and the extent of intra- 
pleural adhesions surrounding the involved lobe. In no ease studied 
was there any gross bleeding from a hilar vessel. The individual ligation 
technique was used in all except two cases. The excessive loss of 2,895 
e.c. recovered from one patient in whom the left lower lobe and lingula 
were resected was due primarily to an extremely vascular thoracie wall. 
It was estimated roughly that at least one-half of the total loss was in- 
curred before the pleural dissection was begun. 


TABLE III 


LOBECTOMY 


LOBES 


Two 
(or one and lingula) 


*Tourniquet and amputation. 


BLOOD 
LOSS 
(G.C.) 
1,590.0 
1,987.4 
2,895.3 
2,019.2* 
1,011.6 
One 1,605.4 
1,744.5* 
956.0 
1,394.4 
Ay. 1,607.5 


LIBRARY 
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The blood loss in six pneumonectomies for bronchogenic carcinoma 
was calculated. The posterolateral approach was used in each case. The 
average loss, 1,458.8 ¢.¢., is closely similar to the lobectomy average. 

TABLE IV 


PNEUMONECTOMY 


BLOOD LOSS 
(C.C.) 


1,338.6 
1,610.1 
1,463.0 
1,162.1 
1,824.6 
1,354.7 
1,458.8 


PNEUMONECTOMY 


In Table V are given losses entailed in miscellaneous thoracie opera- 
tions. The marked variation in blood loss for exploratory operations 
depends upon the extent of dissection necessary to determine the opera- 
bility of the lesion. 


TABLE V 


MISCELLANEOUS THORACIC OPERATIONS 


BLOOD 
NO. OF CASES LOSS DIAGNOSIS—PROCEDURE 
(C.C.) 
602.9 Inoperable bronchogenic carcinoma 
1,611.4 
1,986.6 Inoperable esophageal carcinoma 
1,042.6 
424.0 Pericardiectomy. Tuberculous, constrictive 
pericarditis 
34.5 Infant 2 mo. old. Wt., 9 lb. 14.5 0z. Re- 
pair eventration, diaphragm 


DISCUSSION 


Our findings agree with those previously reported from this hospital 
and others, describing the blood loss in operations upon different regions 
of the body. These studies have shown that the amount of blood lost at 
operation is greater than supposed or estimated. This fact being evi- 
dent, generous whole blood transfusions should be used during and after 
operation to prevent or combat the effects of acute blood loss. 


Despite the large blood losses reported for some of the thoracic opera- 
tions there were no deaths from acute blood loss. 

Neither in the past nor at the present time are routine blood trans- 
fusions given with each stage of thoracoplasty. There is, however, a 
greater tendency to have blood readily available for all thoracoplasty 
patients, especially those whose estimated blood loss has been great at 
prevoius stages. For several years whole blood transfusions have been 


Av. 
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given to almost all patients undergoing major intrathoracic operations. 

An attempt was made to correlate any development of hypotension at 
operation and its duration postoperatively with the amount of blood lost 
in relation to body weight. No correlation was apparent in the patients 
studied in this series. 

In all major operations upon the chest a large loss of blood usually 
occurs. Knowledge of this fact has increased the importance of blood 
replacement therapy in the operative and postoperative management of 
patients with pulmonary disease. 
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With deep regret we announce the death of Doctor Charles Virgil Mosby, chairman 
of the board of The C. V. Mosby Company, St. Louis, Missouri, on November 9, 1942. 

His vision and courage will continue as an inspiration throughout the future of 
the company that he founded. 
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